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R E F A* C E. 


The object of this book i.« ^to lay as complete a view iin 
possible of the present state of Chemistry before the British 
Public. Instead of a new edition, it migh^/ without impro- 
priety, have been styled a ne^ work. For at least nine-tenths 
of the whole has been written anew. | The a:»rang*’emeut has 
b®en considerably improved and Simplified, and rendered as 
neally scientific ai^d natural as the present state of the science 
will admit. 

Though I have given the title jof Inorganic^ Chemistry to 
the present work, yet I*thought it adVantageeiiis to include,lr, 
it^an account of all the Acids at present known, even those 
derived from the animal and v«|||getable kingrV)ms, bjjcause I 
wished to make it a work to which ^y pr?jcti\?al Jjtudents 
could ap{)ly for information in every department of Elementary 
Chemistry, and many of fliese acids are occasionally employed 
in Cdijgmical iesearche^s. I intended also to have introduced 
an accouTit of all the lately discovered compound alkaline 
bodies beh)nging to the vegetable kingdom. But I found that 
this could not be done without swelling the si/c of the second 
volume too much, or obliging me to omit some part ^f my 
account of the Salts ; wh^h 1 was unwilling to do, becaijse .'in 
accurate knowledge of these bodies is indispensable to iSie 
Practical Chemist, and 1 was nql; avvwrc of ady work in*thc 
English language where Jhese important bodies liave been 
described in d^ail. I thought it better, therefore, merely to 
give a list of the compound vegetable alk.'iline bodies in page 
t^59 of the second volumvt^^ind to reserve the ddfecription of 
them to a separate w'ork, whi5h I propose to publish, on the 
C'hernistry of Vegetable. Jiodies. i reserved them for that w’^ork 
witli the less regret, because none of them are a^ prejjent 
employed as a reagent by the practical Chemist. 
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PREFACE. 


On turifing over the pages of these volufeies I observed 
several errata ; some of them due to my own jjegligence and 
some of them errors of the printer; but I have not thought it 
worfh while to draw up a table of errata, because the atfentive 
re^dar will find no difficulty i# correcting theifi «for himself. 
•Jn tl*e table of Jhe weights of atoms, pfinted i» page 12 o^ the 
first volume^ theiie aife some ernonedkis numbers; which Che 
reader wfll easily discover by comparing it with the table of 
the atomic weights printed in the Appendij* to the first volume. 
These errors wore occasioned my trusting to the numbers 
which I myself had deduced from my own experiments. I3ut 
when I came t<Kinvestigate the subject in detail, in preparing 
the subsequent parts of the bo^k, when I compared my own 
results wifti tlmse *of^^ther labourers in the same field, and 
when I had recourse in all*clifficult cases to new experiments, 
I found reason, in four or five casesy to ^Iter the num'bers 
which I had originj^ly fixed on. The discovery of truth being 
the "only objet^t of importa®cc, I have never in any case hesi- 
A^ed to sacrifice my ot^ particular views, when the investi- 
gations of others have produced sufficient evidence that thjy 
were uysound.* I trust, therefore, that my atomic numbers, 
as givey in this^ work, ^(though it woufd be* too much to affirm 
that they are all accurate), will yet be found much nearer the 
truth than those^yhat preceded them — as near, indeed, as the 
present state of Experimentid Chemistry will eirable u^ to go. 

To render the great numbqfjof new fa^jts and new classes of 
bodies, which have recently made their way into Chemistry, 
intelligible to the reader, 1 was frequently under the necessity 
of contriving new terms, and of extending or altering the 
present Chemical nomenclature, wl^ch is, indeed, allowed on 
alT hands to be inadequate to the wants of Chemistry. These 
inilbvations have been aS sparingly introduced as possible ; but 
it was impossible without them to* make the present state of 
the science intelligible to the reader^ Variong^attempts have 
been made of late years on the Continent to introduce a new 
Chemical nomenclature. But I unable to avail myself of 
. any of these that I have seen, because they are all quite 
unsuitable to the idiom of* our language. Ij-egrot, however, 
thsPt I d«d not see the improvements in nomenclature proposed 
by^Mr. Eunn, in the Article Chemistry, in the Encyclo- 
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piBclia Metropolftana, till it was too late to avail myself of 
t^jem. Several ®f them are judicious. But before I saw them 
I had alread 5 j introduced my own nomenclature int<» the w<2idc» 
and of course could iM>t afterwards deviate from it. • 

Thjere is dhe alteratijn in the present no»aenclature 'w^iA 
1 regret I did ndt make, and which I think is still r«»quisite in* 
order to prevent- ambiguity. In naming the sfiljftmr ^id salts, 
I have prefixed the syllables .%ulpho to the acid base with 
which the sulphur is United, ftiaking it terminate in ate or *Ye, 
precisely as is done with the ox /gen acid salts. Thus, sulplio- 
hydrate of sodium is a salt composed of 

1 atom sulphide of hydrogen, 

1 atom sulphure.t of sodium. 

In the same way, sulpho-arseniate^ of^potUssimn is a com- 
pound of 

* 1 atom su)j^>hi^e of arsenic, 

1 atom sulphuret of potassium. 

In short, the syllables svlpho j)refixt^, always indicate a sul- 
phur salt. But there are* two oxygen acids, wfiich^contain d 
inoflifi cation of sulphuric acid, and u’hich have been named by 
thet respective discoverers, sidj>h^vi7nc acid, svfpho-naphtham 
lie acid. Of course, "the salt^ which the}»form Vl^ill^be Called 
sulpho-rinatcs, and sulpho-naphthalaies. Here •the syllables 
sidjtho occur ii^ salts containing ,an <vtygen :i«id. To avoid 
this ambiguity, it would, be requisite to change sulpho-vinic 
«uid sulplio-rftiphthalic, Mito thio-vjtiic and thio-naphthalic, sub- 
stituting the Orcek term for sulphur (theios), instead of the 
I.atin, preserving' the affix sidpho to denote the sulphur salts. 

I have, on tlie authority of MM. Henry and Garot, given 
nn account of an acid extracted by them from the seeds *of 
udiite mustard, under the name of sinapitt acid.„ From the 
subsequent researches on this subject *by Flenr)^, Pelouze, 
Boutron, and Robiquet,* it af^pears that this substance is not 
an acid, but a bc^ly* which has been distinguished by the name 
sinapisinc. 1 have thought it unnecessary to introdiice this 
new view of the subject into^(!4»e Appendix, because the sub- 
stance siuapisi?ie will come under our review herovfter, while 
treating of vegetahlg substances. 


See Journal de Pharmacie, xvii. 267, 271, 379. 
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The account of the salts in tlie second volume having- ex- 
tended to a greater length than was anticipated, swelle<l that 
v#lume n)|pch beyond the size of the first. Tp make up in 
some measure for this, it was thougl^ right to plhce the 
Appendix and I^dex at tl\p encl of tlig first volhnie, instead of 
tlie second. 

Glasgo-w, August, 1831 . 
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INTRODl^CTION. 

*>l)ject of Chemistr)^ asdfclie science *is iitf-es^ent under- 
stood, is to determine the constituents of bodies and the laws 
wln'cli regulate the cyml>i1iati§ns^ and separatic^is of tlie ele- 
mentary ])articles of matter. All snl)staiices are either swiple 
or c()}ii]}(>f(NcL In simple bodies all the ultimate j^articles of 
M^ldcl) tlu‘y are composed ])ossess precisely the same properties ; 
but from compound l)odies at least tiro distinct kinds of par- 
ticles may l)e extracted possessed each of a set of p]poperties 
])eculiar]y its own. Tims all the ^pairi^les wfiich we can 
extraet from a ])iece of ])ure iron ])ossess exactly the same 
properti('s. Their #q1oui» is ^iron g'rey, their specific gravity 
about 7*8, tlu^y are solid de with effervesciiuce 4n sulphuric 
acid, forming a liglit gremi sol iitioi/ having a sweetish aiTd 
astringent taste, capal)le 4#f striking a Wne with prussiate oli 
])otasli, and a black* with infusion of nut galls. Iron then, as 
far onr chemical examination of it is cai)able yf goinjj, is a 
simj»le substance.* Tlie same ol)sei'vation applies to gold, t(T 
silver, and to the diamond. 

But sahjH trr is a compimnd substance, for b)^ ])rocesses to 
l)e afterwards tixplained, we can •extract from*it two sets of 
])artichvs,* having (‘ach a^set of ])ro])erties peculiarly its own. 
These are lAtrir arid imd j)otashm Nitric acid has a ])eculiar 
smell, an (exceedingly sour taste, reddens Aa^getable blues, and 
corrodi's and destroys the texture of animal and vegetable 
substances. Wluen diluted with water it ri'adily dissolves k^ad, 
copper, mercury, silver, and many other metals, but does ivot 
affe ct gold or ])latinum. Potash, on the contrary, is a white 
substance destitute of smell, but h^vinf>^ a hot bilrnirig t^istoi^ 
ajid readily corroding any pjijjt of the living body to which it 
is a})|^lied. It converts vegetable bines to green, readily dis- 
solves in Mater, and readily combines with the diffenmt acids, 
forming salts (Uidowed each with ])ecnliar propc^rtiei*. Thus 
saltpetre' is a compound eff nit?fc jciel and potash. 

Even nitric acid itsedf can bt' re^solveel into two kinds of 
matter, eiidowa^d ®ach wdth different properties. These are 
azote and oxygen ; both gases, de'stitnte* of smell and invisible 
and tastedc'ss like c'ommon air. But oxyg^ni is heavier than 

». n 
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azote ill tlie proportion of 8 to 7. Wlien a huruinir Uody 
is jiliMiged into oxyg’eii g*as it coiitiiuios to hum with additiojia) 
s^dendoui^; hut when jilniij^ed into jizotic ji^as it is^extiiif^uislu'd. 
Animals can breatlie oxyi^en ^i\s Avithont inconvenie^ice ; hnt^ 
finy attempt to breatlie azotR; ^f l>ersisR‘(l in would be 

attended wdtl^ suffocation. Thus iiiffie aeicUi;;;;; a com])dund of 
€izote and ‘In IHve Tnjyine]»-^]>otasli is a conijiound /^f 

oxyj^eii^ and a metal to which the name of potassium lins bt‘en 
g'iveii. It is white like silvt^, ^irht^r tl|^iii water, and so com- 
liustible that when throwai upon winter it immediately catches 
fire, and burns AA'ith a red coloured flame. 

Thus salt])etre is a doubly comjiound liody, being comjiosed 
of nifric acid and ]}()fasJi : each of wdiich constituents is also a 
comiiou^id, the formoT of azote and oxygen^ the latter oi pot a a- 
siviH and oxygen, «\Ve can therefore extract from saltjietre 
three distinct substances, namely oxygen, azote, and potaswiiin. 
These three substances cannot be ref^olved into any other kinds 
of matter; as far therefore as our know ledge of their constitu- 
tion goes, ^hey are simple bodies. 

All (or almost all) the substances found upon the globe of 
the eartfi have been subjected to chemical investigation, wdth 
a view to determine whiclYof them are siin])le, and w hich lorn- 
pound, and of w hat constituents tin* com])ound bodies consist. 
The result has befti that all tJie animal and vegetable sub- 
stances witlibut exception, and bp far the greatest number of 
mineral bodies, are coinjioiiiids. The simple bodies, of which 
these compounds are com])osed, have been carefully /exarniiu-d 
and their number ascertain ed- '^riie simple bodies al present 
known amount to 58; their names are as follow s. 


1 Oxygen 
t? Chlorine 
8 Rromine 
< 4 Iodine 
5 riuorine 


6 Hydrogen 

7 Azotes 

8 Carbon 
t) Tloron 

10 Silicon 

1 1 Isiosjdiorus 

12 Su]])hur 


18 Selenium 
14 Arsenic 
1 5 Antimony 
16 

17 Chrombim 

18 Uranium 

1 9 Molybdenum 

20 ^hlngsten 

21 

<« 

22 Columbium 


28 Ihitassium 
24 Sodium 


25 I^ithium 

26 Calcium 

27 Magnesium 

28 llarium 

29 Strontium 
80 Aluminum 
.‘I'rClliicin um 
il2 Yttriiun 

33 Zirconium 

34 T'horiiiiiin 
3^ Iron 

30 Maug'aiic.so 
37 Nickel 
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38 Cobalt 

39 • Cerium 

40 Zinc 

*41 Cadiniiun 

42 Lciul 

43 3 wi 


44 Bismuth 

45 Copper 

46 Mercury 
4f Silv(*r 
48 ^Told 


49 Platinum 

50 Palladium 

51 Illiodiiftn 

52 Iridium 

53 Wsmiuin. 


f)f these 53 bodies all tlie sulistauces of nature liitlierto 

• • 

examined are corijuis'IhL "rift j^reater numbef of tliem are 
confined to the mineral kiiif^dom. Animal and vegetable Imdies 
are composed of a comparatiA^ely small number of simple sub- 
stances, wdiich, lioM'ever, from the almost infinite \7iriety in 
th(‘ir ])ro})ortions, give origin to the vast number of bodies 
wliicli are obtained from the animal, and|nore especiafly from 
the vegetable kingdom, 

If%ve were acquainted with the weight, the size, and the 
sliape of the ultimate* liartfcle?? of these simple# bodies, and with 
tlie laws which regulate their coml)inatioiis Vith each othej, 
the science of cliemistry would lie iy the sannfh state as 
Astronomy and Mechanics.* Ibit unfortunately tflis i%far from* 
bein^ the case. Some little jirogress has been made in tliese 
inveftigatioiis of bite ye^ars, and AveTseem at least t.o be at last, 
on the road which may ultimately l?ad to^ know^ledge ofr the 
laws which r(‘gulate chemical combinations. BuJ as yt‘t no- 
thing can be considered as definitely fixed or estal^Jished. Every 
thing is little lu*Vter than conjectural. Before jiroceeding to 
givi* an accoipit of the sinijile bodies, and of the comjK)unds 
whicli they form, it will be worth tv^iile to lay before the reader 
the ])resent state of our knowledge rc'specting the kws which 
regidate the combijiations of bodies witli each other. T^iis 
will constitute the subject of this introduction. 

The o])inion at juesent entertained by Chemists in genenrl, 
is, that siiHph^ si(hsf(nic('s are aggregates of veiy minn^^e particles, 
incaj)a])le of farther diminution, anu therefore called atoms.* 
This opinion had been ado])te(t l)y some of the ancient pliiloso- 
jdiers, E])icurus fe# examjile : but about the beginning of the 


eighteenth century, the ])re\ 
of matter is ca]>able of infi 


alent belief was, that every kind 
division. This subject was 


treated by Dr. Keill in his introduction to Natural Philosophy, 


at considerable length, in his third, fourth, and fifth lectures, 


* From the (ireek particle Uy mul the verb r^fivuvy to t ut. The word means 
literally, incapable of hetuff cut or divided. 
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where those who are interested in such <liscussions will find 
the notions generally entertained at that time on the subject, 
th« mode^of ansM^ering the objections, and many ^curious calcu- 
lations upon the infinite subtj^ty of matter. 

^^Vhat chiefly^-induced modern chej^ists to adopt the motion 
that siiTtjile bodies consist of a C(>i^eries of" atoms, was the 
in de^iiite observj^tioji, that they always combine with each other in defi- 
proportions. proportioiis. For example, ir^n and sulphur combine in 

two proportions, and form two^'sulpliurbts ; the first is a com- 
pound of 3*5 iron + 2 sul])hur, and the second of 3*5 iron 
^ 4 sulphur. Mr. Dalton, who first drew the attention of 
chemists to this circumstjiiice, explained it by supposing that 
bodies are composed of atoms, endowed eacli with a ])eculiar 
weight^ that it is tjiese atoms which unite with each other 
chemically ; that the weight of an atom of iron is 3*5, and that 
of an atom of sulphur 2. The first sulphuret thereftg^ is a 
compound yf 1 iftom iron, and 1 atom sulphur. The second 
of 1 atom iron, and 2 aU>ms sulphur. 

This exf)lanation, itself very plausible, has been strength- 
ened byisjome other circumstances.* 

roIuirSuJ*^ From the law of the elasticity which prevails in the earth’s 
Thence clas-* atmd!5plierc,*we know the'degrees of rarity corresj)oii(li]^ to 
(UfPa*ent»el(^atioii^ from The surface. !\ncl if we admit that 
air lias beeivrarcfied so as to sustain only of an inch of ba- 
rometrical pressure, we are entitled to infer that it extends to 
the height of 40 miles, with pro])erties yet nhimpaired by ex- 
treme rarefaction. If matter be infinitely divisible. The extent 
of the atmosphere must be equally infinite. But if air consist 
of ultimate atoms, no longer divisable, then must the ex])an- 
sifu of the medium composed of them cease at that distance 
where the force of gravity downwards upon a single particle, 
is equal to the resisting force arising from the repidsive force 
^of tJie metkum. 

If tJie air be composet^of indivisible atoms, our atmosphere 
may be conceived to he a medium of finite extent, and may 
be peculiar to our planet. But if we iidoj^ the hypothesis of 
the infinite divisibility of matter, we must suppose the same 
kind of matter to pervade all n^ce, where it would not be in 
equilibrio, unless the sun, iTfe moon, and all the planets possess 
their respective shares ot it condensed around them ; in degrees 
dej)^nding on the force of their respective'attractions. 

It is obvious that the atmosphere of the moon, supposing it 
to have any, could not be perceived by us. For since the den- 
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sity of an atmospfiere of infinite divisibility at her surface would 
depend upon tlie/orce of her gravitation at that point, it would 
not be greatej than that of our atmosphere is, when the earth^s 
»attractio/i is equal to jliat of the moon at her surface. NoV, 
this takes plac^ at about 5000 fliiles from the earth’s surfj^ce^ 
a heij^fit at whifb our jftmos})here, supposin|f it to extend so 
fJlr, would be quite insensible. ^ 

But since Jupiter is fully 309 times greater than't^e earth, 
the distance at which Jiis actiop in equal to gravity, must he as 
^ 309, or about 1 7'6 times the earth’s radius. And since his 
diameter is nearly 1 1 times greater than that of the 
earth, times liis own radius will be the distance 

from his centre, at which an atmosphere equal to our own, 
should occasion a refraction exceeding one degree. ^To the 
4th satellite this distance would subtend an angle of about 3° 
37', *80 that an increase of density to 3^ times our common 
atmosphere, would be mare ^than sufficient to render the 4th 
satellite visible to us when behind the centre of the planet, 
and consequently to make it appear both sides jit the same 
time. It is needless to say that this ioes not^ happen ; aii^ 
that the ajiproach *of the satellites, instead of bein^ retarded 
by |refraction, is regular till tliey ^appear in actual contact — 
showing that there is not that e:34,tent of atmosphere wliicfe 
Jupiter should attract to himself, from Ai infinitel]^ di\^sible 
medium filling space. 

If the mass of the sun be considered as 33(?,000 to that of 
the earth, the distance iit which his force is equal to gravita- 
tion, will be*>v/ 330,000 or aboivJt«575 times the earth's radius. 
And if his radius be 11 1*5 times that of the earth, then this 
distance will be =5*15 times the sun’s radius. But Dr. 

Wollaston has shown by the phenomena attending the passage* 
of Venus very near the sun on the 23d May, 1821, that |lie 
sun has no sensible atmosphere. For the aj)parent and calcu-® 
lated place of that planet were the^samg wlien tlifc planet w^s 
only 53' 15" from the sun’s c^^ntre. M. Vidal of Montpellier, 
observed Venus on the 30th May 9 1805, when her distance 
from the centre" of the sun was about 46' of space, and the 
apparent and calculated positions of that planet corresponded. 
These observations leave no^oij^bt that the sun has no sensi- 
ble atmosphere, and of course are inconsistent with the notion* 
of the infinite divisibility of the matfer of our atmosphere.* 


* Wollaston; Phil. Trans. 1822, p. 89. 
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The conversion of solid and fluid substances into vapour is 
occasioned by the accumulation of heat in th^m, which by, its 
ejasticity overcomes the action of gravitation, aiyi of cohesive 
atfhictions, and causes the particles to separate indefinitely, 
froiji each other. But if thC' ultimate particiea oV bodies be 
atoms, incapal^le* of farther division or'diminutipn, it is obvious 
that thei^ must Jbe a? limit to vaporisation ; and that no vapoiit 
will be formed whenever the action of gravitation or cohesion 
or both is greqter than that of l^at. ‘ T^jis has been very well 
illustrated by Mr. Faraday in his paper on the existence of a 
limit to vaporization.* It may be worth while to mention a 
few of the most remfirkable illustrations of the truth of tins 
opinion. 

Whejj some clean mercury is put into tlie bottom of a clean 
dry bottle, apiece of ^old_ leaf attached to the under part of the 
stopper by which it is closed, and the whole left for some mo«iths 
at a temperature between 60“ and 60°, ilie gold leaf will be 
found white*ed by amalgamation, in consequence of the vapour 
whicli rises from the mei5:ury beneath. Mr. Faraday tried this 
process in tbp winter of 1824—5; but could not succeed. 
Showing ^hat the elasticity of the vapour bf mercury at that 
cold temperature was less t!^|xn the force of gravity upon it,|ind 
that consequently the mercury at that time was fixed. 

Davy, fli his experiments on the electrical phenomena exhib- 
ited in vacuo^ found tliat when the*temperature of the vacuum 
above mercury*was lowered to 20°, no farther diminution took 
place, though the temperature was still farther lowcNsd, even 
as far as — 20°. The reason dpubtless was, that at 20° mercury 
ceased even in vacuo to give out vapour. 

Concentrated sulphuric acid boils at a temperature rather 
higher than 600°. Signor Bellani placed a thin plate of zinc 
at ,the upper part of a closed bottle, at the bottom of which 
Was some sulphuric acid. No action took place in two years, 
the zinc remaining ,as height as at first; showing that 
none of the acid is converted intq vapour at common tempera- 
tures. ^ 

Thus the phenomena of evaporation, as well as the finite 
extent of. our atmosphere, all tend to prove that matter is not 
infinitely divisible, but that, ultimate particles consist of 
atoms incapable of any further division or diminution. Let 
us see how far our knowledge extends relativ* to these ultimate 
atoms.® 


* Phil. Trans. 1826 , p. 484 . 
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1. The size of these ultimate atoms is minute to a degree, size of atom*. , 
o£ which our limited imiiginations can form no conception. A 
few illustrations will render this sufficiently evidenljj 

Gold lead" is formqtl by beating fine gold between folds ,of Very small, 
parchment aSuf vellum, ^nd finally Jbetween prepared ox«gu^, 
kno\\j;n by the ndine of gold beater’s leaf. Aiuhit is beatrti so- 
thin, that Mr. Boyle found*thafc .50*7 squarfe inqheg of it weighed 
only one grain. Now, the lOOOth part of a lineaf inch is 
easily visible througl* a common'pocket glass. •'A square inch 
therefore is divisible into a million of parts, visible through a 
common microscope. Hence it follows that when gold is re- 
duced to the thinness of gold leaf, jo.T-y g.n ® grain of 

it may be distinguished by the eye. But the gold that covers 
silver wire is much thinner than gold leat Reaumur Ijas shown 
that 1 grain of gold, of the thinness ^Iuot it is upon gilt silver 
wirt'j^will cover an area of 1400 square inches. It Ls plain 
therefore, that t.ToS.o (Toro o ® grain of^gold may be seen 
through a common glass. But small as tiiis jlSirticle is, we 
have no reason for believing that it Hoes not constitute a edn- 
siderable number of atoms.* 

I dissolved 1 grain of dry nitrate of lead in 500, 500 grains 
of (i’’ater, and after haAnng agitateA the solution passed tjirough 
it a current of sulplniretted hydrogen gas. Tlyj whole liquiTl 
became sensibly discoloured! Now, we\nay consi3er a grain 
of water as being about equal to a tlrop of that! liquid. And 
a drop may be' easily so spread out a* to coveV a square inch 
of surface. And undei* an ordinary microscope the __ _ 

of a square inch may b6 distingiuBhed by the eye. The water 
therefore could be divided into 500,000,000,000 parts, every 
one of which, contained some lead united to sulphur. But the 
lead in a grain of nitrate of lead weighs only 0*62 gr. *[t is 
obvious therefore, that an atom of lead cannot weigh more than 
XTo.()ooloo(T.ooT)*l‘ ^ grain. While the atom of sulphur 
(for tlie lead was in combination wth.sulphur, which render«d 
it visible) cannot weigh mor<ithan ^oxs-.otToJoTTo.oTJo a grain. 

The size of tiiese very minute quantities of matter might 
easily be computed ; but it would be so small as to render it 
impossible for us to form any adequate estimate of it. For 
example, the bulk of the pOTthjp of lead which may be ren- 

* Those who are Sbrious to see a minute account of the mode of makigg 
gold leaf, and gilt wire, will find ample information by consulting I^aiimur. 

Mein. I’aris, 1713. p. 199. And Lewis’s Philosophical Commerce, p. 44'. 
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dered visible by the process above described, would be oDly 
RS3.¥9^.R^(T.T)TJTT»iF{Ttfth of a cubic inch. 

1 - 2 . But notwithstanding the extreme minuteness of the size 
of^Cl le ultimate atoms of bodies, chemises luive succeeded in 
determining that^each of the^i has a^specific •weight, and in 
(.fixing the ratios of their respective weights •Hath a con^der- 
able approxinjat^n fo acdiiracy.. THie method of proceeding 
has beenrto determine wdien two bodies unite with each other, 
the weight of efieh which entcts into the combination. For as 
only the ultimate atoms of bodies combine v’ith each other, it 
is clear that the weight of each constituent of the compound 
will be in the ratio of the weiglit of the ultimate j)artic]es, or 
atoms of the respective bodies. When bodies unite only in 
one projvprtion, it is imtural to infer that the compound con- 
sists ultimately of oirtratojn of one body, united to one atom 
of the other. Thus, lead and sulphur are usually found c«in- 
bined in one proportion, constituljng*gale«a or commoji sul- 
' phuret of lead, 'lliis compound consists of 13 ]>arts, by weight 
of iead united to 2 of suljdmr. Hence, it is natural to infer 
that the weight of an a'.om of lead is to that of an atom of sul- 
phur, as 15 to 2. Ill like manner there is only one sulphuret 
of bismuth known, composed^ of 9 parts by weight of bismuth, 
asad 2 of sulphur. From this we may infer that the atom of 
bismufh is ?o ttie atoiA of sulphur as 9 to 2. Now 2 represent- 
ing the weight of the atom of sulpliwr in both comjiounds, it is 
clear that the rsftio of the- atom of lead to the atom of bismuth 
must be that of 13 to 9. 

Having thus determined tlie; atomic ifreight of sifljihur to be 
2, we may consider the compounds of sulphur and oxygen, 
which are no fewer than 5. The names and constituents 
(by f/eight) of these respective compounds are as follows. 


Sulphur. Oxygen, 

Subsulphurous '■>.cid 2 + 1 

Hyposulphurous acid 4+1 
Sulphurous acid 2 + 2 

Sulphuric acid 2 + 

Hyposulphuric acid 4 + 5 

o' 

f 

If 2 denote the weight of an atom of sulphur, it is obvious 
that hyposulphurous acid arid hyposulphuric aqjd contain each 2 
atbms cf sulphur. There can be only 1 atom of oxygen in 
hyposulphurous and subsulphurous acids. Sulphurous acid 
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contains 2 atoms of oxygen, and sulphuric acid 3 atoms of 
«xygeii, combiTied each with one atom of sulphur. Hyposul-' 
phuric acid^is a compound of 2 atoms of sulphur, and 5 atdms 
of oxygeji, or it is llie same thing us if it consisted of a parti- 
cle of sulpHurous, aiu^ a particle sulphuric acid united to- 
gether. Thus*it apj)ears that if 2 denote thfe woight of aiT 
atom of sulphur, 1 wdll denote the weight of an atom of oxygen. 

In many cases it is not easy to fix upon the true number Difficult to 
denoting’ the atomic^ weight a body. We tan always infer true weight* 

that the weight of one body that enters into combination with 
another, either denotes the atomic W’eight of the body, or at 
least a multiple or submultiple of that weight ; but, in some 
cases it may be very difficult to detennine which of the three. 

Thus, for exiimple, we have two com|huunds o£ mel'cury and 
oxygen, the constituents of wdiich by W’cight are as follows. 

iMercury. Oxygou 

Black oxide 25 + 1 
Red oxide 25 4- 2 

• • 

We might consider the atom of mercury to be 25. On that 

suf)position the Jdack oxide wouVl be a comjxymd of .1 jitoni 
mercury -|- 1 atom oxygon, and the jed oxide .of I atom 
mercury -j- 2 atoms oxygen. ^ 

But we might also coiisMer the atom of mercury as only 12'5 
or the half of 25. In that case die red oxide w'ould be a com- 
pound df one atom of illercury, and one atom of oxygen ; and 
the black oxide of 2 atoms of metCury, and one atom of oxygen. 

'I'here is nothing in these compoiinds that can determine which 
of these idews is the right one. Both oxides are capable of 
combining with acids, and of forming ssdts. The red oxide 
is the most permanent, and intimate combination ; but ’tliQ, 
black is always first formed M’hen we atterajit to combine mer- 
cury Mutli oxygen. In such cases fts jMs we are left to conjec- 
ture or analogy to assist us.in deciding what number should 
be taken to denote the true atomic weight of the body. We 
see that the atom of mercury weighs either 25 or the ludf of 
25 ; but which of the tu-o ij^ight m the present state of our 
knowledge be impossible to dti^ermine. In such a case we. 
may be allowed to refer to analogy j^ito enable us to decide the 
point. It was finst observed by Dulong and Petit, that when 
the atomic weight of a body is multiplied into its specific heat 
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the product is a constant quantity. And I have shown in my 
' treatise on Heat that this product is always 0*376. There* 
forf^if we divide 0‘376 by the number denoting •’the specific 
heat of mercury, the quotient s^iould be Hie atomic jveight of 
th&t Body. Bute the specific heat of •mercury*' iS 0*03, and 
= 12*52. *’ This circumstance furnishes a'reason for con- ^ 
sidering the<tnle atomic weight of mercury to be 12*5. 

In like manner we have two combinations of copper and 
oxygen, the constituents of whiclf*arc as fbllows. 

Copper. Oxygen. 

Red oxide of copper 8+1 
Black oxide 8 + 2 

We might consider fhe red oxide as a compound of 1 atom 
copper, and 1 atom oxgen, and the black oxide as a compound 
of 1 atom copper, and 2 atoms oxygen. In that ciuse the ^tftm 
of copper would weigh 8. 

put we might represent the constituents of tliese oxides 
also, thus — ' 

Copper. Oxygcij^ 

Red oxide 8 + 1 
Black oj^ide 4 + 1 , 

^ t 

) 

According to this view of the compositions, the black oxide 
is a compound of one atom copper, ‘and 1 atom oxygen ; and 
the red oxide of 2 atoms cop]1er, and 1 atom oxygen, and the 
atomic weight of copper would be 4. Thus we are left uncer- 
tain whether the atom of copper be 4 oi* 8. ’ 

If we examine the nature of those oxides in order to assist 
^ur ^iews, we find that tlie black oxide is the most intimate com- 
pound, resembling in this circumstance the red oxide of mer- 
*"ury. W^e find that it constitutes the basis of all the cupreous 
salts, and tbaf if its, atomic weight be reckoned 5, the salts of 
copper are compound^ of One atom acid + one atom base. 
But if we make its atomic weigfit 10, all the cupreous salts 
contain 2 atoms of acid united with one atom ^f base, — a pecu- 
liarity which would distinguish them from all the other genera 
of salts. * Finally the specific hen.^" of copper has been deter- 
•mined to be 0*0949. Now, ^ we divide 0*376 by 0*0949 the 
quotient is 3*962. All th^pse circumstances seem to leave no 
ground for hesitation, in preferring 4 to 8, an the true atomic 
weight of copper. If the specific heat of copper were 0*094 
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then .§^1 = 4. Now the difference between 0*094 and 0*0949 
is greatly witliin the limits of error to which the determinatioif 
of the specific heat of a body is liable. 

But there are sgme cases in which it is very diflBcuk to 
decide whsrt fhe true^tomic weight of a body is, even when 
ass^ted by alLtKe analogical considerations to which we can haA^ 
recourse. Thus oxygefi and hydrogen unite* in, two propor- 
tions forming two compounds, the constituents of M^ch are as 
follows. 

Hydrogen. Oxygen. 

Water 0*125 -f. 1 

Doutoxide of hydrogen 0*125 + 2 

If we consider water as a compound of 1 atom oxygen, and 
1 atom hydrogen, the weight of an ati^m of h>{drogen will be 
0*125, or the eighth part of the W 4 ‘ighf uf an atom of oxygen. 
Bjit we might view the constitution of these compounds in 
thi/way. 

Hydrogen, • oiygcn. 

Water . . ^125 _j_ 1 

Deutoxide of hydrogen 0*0^5 + • 1 

The deutoxide of hytlrogen, according to this fiew of the 
cf^mpounds, w(»uld consist of on«|, atom of hy<lrogen, united to 
one atom of (rxygjjii, and water, of two atoms of hydrogffii 
united to one atom of oxygen. Thus ^le atom hydrogen 
may either weigh 0*l*25,or 0*0625, which is the half of the 
former number. 

If we have recourse,to analogy to gpuide us in this difficulty 
we find Winter is by fat the most^intimate of the two combina- 
tions, and that it is always formed when oxygen and hydrogen 
enter directly into combination. W^e find that water combines 
definitely with vmious bodies, both acid and alkaline ; but Vith- 
out neutralizing their peculiar qualities. But that deutoxide 
of hydrogen enters into no known combination. These analo- 
gies lead to the inference that tl\^ at&m*of hydrogen weighs 
0*125. 

But oxygen and hydrogen when in a separate state are both 
gaseous ; and if we suppose them to enter directly into combi- 
nation, and form the two compounds, these compounds will be 
composed as follows. 

Oxygen, Hydrogen. 

Water . . 1 voliime 4 . 2 volumes 

Deutoxide df hydrogen 1 1 

Now it is more simple to consider the compound of 1 volume 
of each constituent, as composed of an atom of each, than to 
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reckon 1 volume of oxygen, and 2 volumes of hydrogen, as 
'equivalent each to an atom. This view of the Subject would, 
lead' to the opinion that the atom of hydrogen weighs only 
00025. 

In this dilemma«'We may have recour^ to the' specific heat 
hydrogen ga^, which will give us data, from*wliich the tjue 
atomic weight of diydfogen is most Rkely to be determined. 
According^ to tlie experiments of Delaroche and Berard, the 
specific heat ofMiydrogen gas*rt^erred t«» water is 3*2936. 
Now — 0*114 — a number much nearer 0*125, than to 

0*0625. The specific heat then naturally leads us to deter- 
mine in favour of 0*125 as the true atomic weight of hydrogen. 

The following table exhibits the atomic weights of the simple 
bodies determined from the best data with ndiich I am ac- 
quainted. 





Atomic 



Atopic 

we“ht“oflL 'Oxygen . 



Weight. 



Weigi»t. 

t 


1 

Magnesium 


1*5 

atoms of bo- chldrine . , 

• 


4** 

Barium 


8*5 

Bromine . 

0 

♦ 

-10 

Strontium 


5*5 

Iodine 

• 

• 

15*75 

Aluminum - 


1*25 





Glucinum 


2*2i^ 




f 

* 

Hydrogen 

• 


0*125 

Yttrium ., 


4*25 

Azote 

• 


1*75 

Zirconium 

» 

5 

Carbon 

r 


0*75 

Thiginum 


7*5 

Boron 



\ 

Iron 


3*5 

Silicon 



1 

Mangafiese 


3*5 

Phosphorus 



1-5 s., 

Nickel t . 


3*25 

Sulpliur . 



2 

Cobalt . 


3*25 

Selenium . 



5 

Cerium 


6*25 

Arsehic . 



4*75 

Zinc 


4*25 

Antimony 



5*5 

Cadmium 


7 

'Pellurium 



4 

Lead 


13 

Chromium 




Tin 


7*25 

Uranium . 

• 


26 

Bismuth . 


9 

Molybdenum 

• 


6 

Ciopper 


4 

Tungsten 

• 


15*75 

Mercury . 


12*5 

Titanium - 


» 

4 

Silver 


13*75 

Coiumbium 


• 

18 

e'old . 


25 

• 




Platinum . 


12 






Potassium 


• 

5' 

Palladium 


6*75 

Sbdiunf . 



3 

Rhodium . 


6*75 

Lithium . 



0*75 

Iridium 


12*25 

Calcium . 



2*5 

Osmium . 


12*5 
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It is not unlikely tliat some of these numbers may be twice 
•as high as th^ ought to be. 

3. After determining the ratios which exist abetwe^ the 
weights, of the atcms of simple bodies, the next particular 
wlycli desSrves investigation, is 4^he comparative size of these 
atoms. Tliei? absolute liulk we have seen is Small, to a 'degree Comparative 
that exceeds tlie utmost stretch of the unagHnatioD* But from 
the great differences which exist between the specific gravities 
of bodies, there is* reason Oo suspect that c<<hsiderable differ- 
ences must exist between the relative sizes of the atoms. 

Five of the simple bodies are gaseous. Now, if we were 
to admit that the same volume of every gas contained the same 
number of atoms, then the atomic weight of a gaseous body < 
divided by its specific gravity, would give ,us the ratio of 
the volume. We have no reason supposing that equal 
vTil^imes of azote, hydrogen and chlorine, do not contain the 
same number oPatonfs each. But it is, obvious that if the 
weight of an atom of hydrogen be 0*1 25^ or, in other wordS, 
if water be a compound of one at^m of oxygcn> and one atom , 
of hydrogen, (since that liquid is a cIRmpound of ^1 volume of— 
oxygen, and two volumes of hydrogen,) a volume of oxygen 
must contiiin twice as many atoms as a volumg of liytlrogen. 

The specific gravities of these gase^ referjed to oiyrgen* as 
unity, are as follows. 


Sp. Rravity^ 

Oxygen , 1 

Hydrogen 0’(>625 . 
Azotic 0‘87ij*. 
Chlorine 3’25 


^ Atomic W(9ights. 

. 1 

. 0125 

. 1-75 

. 4*5 


Dividing these atomic weights by the corresponding specific 
gravities, we obtain for the volumes, * 

Oxygert' 

Hydrogen 2 
Azote 2 
Chlorine 2 


The volumes of hydrogen, »zote, and chlorine are all equal. 
Tliat of oxygen would appear at first sight to be only half that 
of the others, or unity. But if we recollect that half a volume 
of it contains as many atoms as a whole volume of ^he other 
g^ses, it is obvious that we must consider its specific gravity 
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not 1, but only 0*5 ; and = 2. So that the volume of an 
“ 'atom of oxygen is of the same size as that of the other three. • 
"W^th respect to solid and liquid bodies there is ssrme uncer- 
tainty of the relative number of atoms cantaiiied in, a given 
vohimfe of each. We have no eviden<^ that tlie dumber of 
srtoms' in the same volume of each is not the santey and tliat ^he 
intervals in these solid and liquid b6dies not occupied by matter, 
does not dfepend upon the relative size of the atoms. But we 
can produce no 'evidence whatevel in favtfur of that opinion. 
The following fcible exliibits the relative volumes of the atoms 
of different bodies determined by dividing tlie atomic weight of 
each body by its specific gravity. 


Table of the 
volumes of 
atoms. 


Carbon 
Nickel \ 

Cobalt / 
Manganese 
Copper 
Iron 
Platimun "I ^ 
Palladium j 
Zinc 

Rhodium ^ 
Tellurium > . 
Chromium j • 
Molybdenum 
Silica 1 
Titanium J 
Cadmium . 
Arsenic 
Phosphorus 
Antiiiiony 




Volume of 
the atom. 

. 1-75 

«. 2 

c* 

. 2-6 
. 2.75 *1 


. 3 

3-25 
. 3*5 


3-75 
. 4 


} 


Tungsten 
Bismuth 
Mercury 
Tin * 
Sul}>hur 
Selenium 
Lead • 

Gold 
Silver 
Osmium 
Orygen 
Hydrogen 
Azote 
Chlorine 
Uranium 
Columbium 
Sodium 
Bromine 
Iodine 
Potassium 


r 


1 


Volume of 
the atom. 


. 4-25 

« 


. 4-66 


. 5-4 


. 6 


. 9-33 


. 13-5 


. 14 


15-75 

24 

27 


From this table we see (if any coirfidence can be put in the 
mode of calculation, ) that the size of the atoms of bodies differs 
considerably from each other — and Lat carbon has the smallest, 
and potassium the greatest bulk of all atoms hitherto determined. 

The atoms of manganese, iron, and copper, have the same 
size ; and it is just double that o^^ carbon. So that nature 
appears to have succeeded in th^ difficult mathematical problem 
of doubling a cube. PhosjJiorus, arsenic, and antimony, have 
also the same size, and it is just double that o^iron, and quad- 
ruple that of carbon. 

Rhodium, tellurium, and chromium constitute another group, 
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whose atoms have the same volume. The size of gold, silver, 
and osmium, * twice as great as that of these bodies. The* 
size of theasimple gaseous atoms is a little more than thrice that 
of chromium. * 

4. We luiv5 no meaj;is of forming any coiv^lusions resptecting 
the %hape of .the atoms of bodies which can He d^ended om 
It has been concluded by some tliat (he atocns^ of different 
bodies differ in their shape as well as in their weiglft and size. 

It has oven been comjeclured tKat the regular <;rystalline shape 
of bodies is owing to the regular shape of their atoms. And 
Hauy thought that tlie shape of the ultimate particles of bodies 
could be determined by cutting off slices from crystals parallel 
to all their faces, till the shape ceased to alter. Thus if we 
continue ever so long cutting off slices parallgl to^he faces 
of a cube or tetrahedron, what ramainsf will always continue 
to»be a cube or a tetrahedron ; and if we dissect an octahe- 
dron ever so long,*we fdiall, always resolve, it into octohedrons 
and tetrahedrons. But this could not* give’ us the true 
shape, except on the supposition dt the infinite*divisibility of 
matter. “ 

Were we to suppose all the atoms of matter to be spheres, supposed 
it is plain that all the different ciystalline shapps conqpivable, 
might be formed by the aggregation of such rfspheres.^ Fo^ 
of them })laced in the angles of a tetrahe^iron, or eight of them 
at the corners of a very slfiall cube supposed existing in space, 
would form the rudiments of tiie tetrahedron or cube. Six 
cubes applied to the respective faces of the cube, would form 
the octahedron. If tlfe atoms *cJ!l' bodies were attached to each 
other without any intervening space between them, then some 
conclusions might be drawn from the shape of the crystals 
which they form ; but as this is not the case, as the empty 
spaces existing in every body are probably considerable,* and 
often certainly far exceed the portion of„ matter to which the 
shape is owing, it is clear that nodegitimate consequences <San 
be drawn, relative to the shape of the atoms of matter, from 
the figure which they produce when tliey cohere together con- 
stituting a sensible mass of matter. Accordingly, various 
opinions have been advanced upon this subject. *Some sup- 
pose that the atoms of all bodies are spheres, or, at leas^ 
rendered spherical by the atmosphere of heat collected around 
them. Dr. Wqjlaston was of opinion, that the regular figures 
of bodies could be best explained by the supposing tlTe atoms 
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of bodies to be spheres, or sometimes oblong’ spheroids.* Tliis 
wilso was the opinion of Dr. Hooke. 

there^^are some circumstances which seem scsircely con- 
sistent with this supposition, or at least, do not seem easily 
explicable upon it,^,or deducible irom it.^ The irfost important 
v£ th^e, is^the fact, that several bodies are aipiible of crystal- 
^ « Uzing in fwo different and incompatible forms. 

M. Mitcherlich has shown that sulplmr may 
V be obtained cfysfillized i® two different ways. 
1. When it is dissolved in bisulphuret of 
carbon, and allowed to crystallize sponta- 
neously, it forms an octahedron with a rhom- 
bic base, the face P inclining on P at an 
angle c of 106° 20', and P on P'' at an angle 
of 14;3° '^5'. 2. When a large quantity of 

sulplnu- is melted in a pot, and allowed, to 
cool very slowly for four «r five hours, if the 
thick crust formed on the surface be perfor- 
ated, and the liquid suljdmr be allowed to 
flow feat by inverting the pot, large crystals 
of sulphur will be found lining the inside 6f the pot. The 
primary shape^ of these cry{.,tals, is an oblique jirism with 
1— — ; 1 — ; , rhombic bases, in Mdiich the 


face M makes on M' an an- 
1 gh of 90° 32', and P on M 
angle of 85° 54'-^.f 




M' 





ail 


Mitcherlich has not noticed the fact w ith regard to sulphur ; 
but in general, when a substance assumes two different and 
incompatible shapes, the specific gravity and the harrlness arc 
found to differ as well as the shape. The most simple explan- 
ation*of these two shapes of sulphur, is to admit that the atom 
qf Sulphur has a peculiar shape, and that when the atoms 
attach themselves tp each other by certain faces, one of the 
prhnary forms is produced,* and another primary form when 
they cohere by other faces. Tfje shape of the atom may 
be such, that only two different kinds of faces exist in it. 
When the aggregation takes place by one set of faces, the 
intervals between the atoms may be smaller than when the 
other faces cohere. This w^uld’ occasion a greater specific 
gravity and a greater degree of hw’dness. Sulphur is not the 

* Phil. Trans. 1813, p. '51. 

f Ann. de Chim et de Phys. xxvfli. 264. 
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ojily substance which forms two different and 
incompatible prjmary forms. Several others 
are known to exist both among salts and min- 
erals. I may mention the following as exam- 
ples : 

Caibonate of Jime ii^^ found native crystal 
lezed In two distinct forms^ l.^Calcareous'spar 
which crystallizes in obtuse rhomboids, 
forming on P' an angj^e of 1(^°.5'. 2. Arra- 

gonite, which has the form of a right rhombic 
prism, M on M' forming an angle of 116° 10'. 

The specific gravity of calcareous spar, is 2*721, and that of 
arragonite 2*931. If the hardness of 
cidcfireous spar be reckoned 3, that of 
arragonite is 4. 

Bisulphuret of iron or common iron 
pyrites, is found cy^staiyzed in two 
forms : 1. Common iron pyrites has a 
cube, or perhaps a pentagonal dodec^ 
hedr<»n for its jirimary form. 2. Wliit<^or cock^scomb pyriteg 
has a right rhombic prism for its primary form, M oi? M' mak- 
ing an angle of 106°. The speqjfic gravity of the former of 
these varieties, i» 4*981, that of the other, 4*678." 

The tM'o minerals called ,zoifiit€ and %\eionitk^ are each of 
them composed of the same constituents, being, double salts 
consisting of two atoms of silicate of ayimina, and one atom of 
silicate of lime; yet the former crystallizes in rhombic prisms, 
M on M' b^ing 116° §0', and the latter in right prisms with 
square bases. 

Idocrase agrees completely in composition with one of the 
varieties of garnet, both being double salts composed of ^ne 
atom of silicate of alumina, and one atom of silicate of lime 5 
yet the former crystallizes in right square prisms, and the 
latter in rhomboidal dodecahedrons. 

Mitcherlich observed that the b?j>ho*^hate of soda crystal- 
lizes sometimes in rectangular octahedrons, having usually a 
rectangular prism interposed between the pyramids, sometimes 
in right rhombic prisms, M on M' making an angle of 93° 64'."' 

Sulphate of nickel crystalli?;cs in two different forms. When 
the solution of the salt is neutral, the crystals formed are right 
rhombic prisms, M on M' forming ail angle of about 91° 7'. 

* Ann. de Chim. et de Phys. xix. 412 and 414. 
c 
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When the solution contains an excess of acid, tlie crystals 
are right square prisms, exactly similar in ijiape to those^of 
si^lphate of magnesia.* ^ 

. i^iese f examples (and probably others might be adduced), 
jy’e sufficient to show that the^same substanceii, i^ntted in pre- 
cisely the sanie proportions, are Ctapabis? of cry stallizing in two 
forms incompatible with each o^Jier* Now, if the atomjf w ere 
all spheuical or had all exactly the same fonn,*as w as conceived 
to be the casei^by Dr. Hooke •jin^l Dr. W^ollaston, it is not easy 
to form a notion how^ tliese diflTerent forms conld be assumed, 
or at least how they should be limited to two. Were we to 
suppose the sh«ape of the atoms to be triangular prisms, or 
elongated cubes, or rhomboids, or rhomboidal prisms, some 
notion ^might be formed how^ the same atoms by uniting by 
their lateral 'or by Jkeir terminal faces, miglit form bodies of 
two different shapes, and differing likewise in their hardness 
and specific gravity. , 

Tsomorphoir» But there,, is aifotlier remark oY M. Mitcherlich wdiicli inav 

brnlics cx- i • i i i ' r • i 

plained. Ultimately lead to conseqtiences of very great imporDince, inul 
)\diich accord^^ miiclu better wdth tlm notion that the ultimate 
figure of*>fill atoms is the same, than that each lias a jieculiar 
figure of its owui. He obsorved that phosplioric and arsmiic 
acids ‘form with the respective bases, crystals having either 
the sflme shape or f eviating from each otlier only by a very 
small difference in the obliquity ^f the corresponding faces. 
Thus, ' ^ 

Biphosphate of potash, 1 crystallizCuin the very same octalie- 
Biuarseniate of potash, 3 ^roiis and four-sided^ rectangular 
prisms, terminated by four-sided j>yramids. 

Biphosphate of ammonia, 7 crystallize under tlie same forms, 
Rinarseniate of ammonia, 5 but wdth angles differing a little 
from the corresponding salts of potash. 

Phosphate of soda, 7 crystallize b(»th in right rhombic prisms, 
Arseniate of soda, ^ M^^on M' being an angle of 67^ 50' 
in both salts. All the secondary forms of both salts are 
similar. 

Phosphate of ammonia, crystallize also in right rliombic : 
Arseniate of ammonia, 3 prisms, M on M in the former 
being 84° 30', and in the latter 85° 54'. The secondary crys- 
tals in both salts are also similar. 

* See the measurement of these crystals by Mr. Brooks ; Annals of Phi- 
Ibsophy (2d series), vi. 437. I have analyzed both varieties without finding 
any difference in their composition. 
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Biphospliate of barytes, 7 ^ , 

JSinarseuiate (rfbarytes, 5 

He found likewise that the following groups of salts crysfctl- 
'lized each yi the sain4fe shape, and were each identical in thrfr 
composition-^hUving in ^ach similar crystal llie same nuifibet 
of atojns of acid, base, and water. 

Sulphate of* manganese 7 
Sulphate of copper 5 
Sulphate of iroMt *7 
Sulphate of cobalt 5 
Sulphate of zinc T 
Sulphate of nickel > 

Sulphate of magnesia, j 

The following 13 double salts have also the saipe shftpe. 
Ammonio — sulphate «f eopfier 
Ammonio — sulphate of manganese 
AmmSuio— sui[)hate of iron • 

Ammonio — sulphate of cobalt* 

Ammonio — sulphate oiPnickel 
Ammonio — sulphate of ziift 
Ammonio — sulphate of magnesia 
Potash — sulphate o^copper 
Po*tasli» — sulphate of iron 
Potash — sulphate of cobalt ' 

Potash — sul}riiate of nickel 
Potash — sulphate of zinC 
Potash — sfilphate of magnesia. 

M. Mitchcrlich farther observad that the crystalline forms 
of the salts of barytes, strontian, and lead, resemble each other. 
Thus the nitrate of each of these bodies is a regular octahe- 
dron. The sulphate (►f each is a right rhombic prism, in which 
M on M form the following angles : 

Sulphate of barytes 101° ^42' 

strontian Xa4° 

leail , 103° 42' 

Tlie carbonates are also right rhombic prisms, having the 
following angles : 

Carbonate of barytes 118° 30' 

strontian 117° 32' 

lead 117° 18' 

116° 10' 


Arragonite 


* Kongl. Vetensk. Acad. Hand!. 1821, p. 9. Ann. de Chim. et de Phys. 
XIX. 350. 
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The carbonates of iron and manganese have also tlie same 
shape, an obtuse rhomboid ; P on P in the former 107°, in tlie 
Isst^er 107? 20'. 


List of iso- 
morphous bo. 
dies. 


• The carbonates of magnesia, lime, a’'.d zinc, have likeivise 
very nearly the same forms, befng also obtuse rnofnboids. The 
angle formed by P on P in carbonate of Iftne, is 10.5° 5', in 
carbonate .of zinc, 107° 40', as "determined by Dr. Wollaston. 
Carbondte of magnesia has never been measured; but the 
identity of fo?m is inferred by MitcKerKch from the property 
which it has of crystallizing indefinitely with carbonate of lime. 

Potash and ammonia, when combined with the same acid, 
give salts having the same shape, provided the ammoniacal 
salt contain two atoms of water.* 

From these facts T.I. Mitcherlich drew as a conclusion, that 
when two acid bases' combine with the same number of atoms of 
oxygen, and the resulting acids unite with another body ii. the 
same proportion, rthe resulting saJts Mil have the same shape. 
He found by experiment that when salts can mix with each 
other, and crystallize joihtly in any proportions, they have the 
%ame sh^e. ^ ^ 

To substances (whether acids or bases,) -which have the 
property of ,forming crystals of the same shajie when they 
combine yvith other^ bodies, he has given the name of isovior- 
phojis. And he i^ of opinion that the atoms of such bodies 
have exactly the same shape. 7 he following is a list of the 
different groups of isombrphous bodies which have been hitherto 
recognised. 

(1.) Lime, magnesia, ma^iganese, dxide of zint, black oxide 
of copper, protoxide of iron, protoxide of nickel, protoxide of 
cobalt. 


'(2.) Potash and ammonia. 

(3.) Barytes, strontian, protoxide of lead. 

(4.) Titanic acid, peroxide of tin. 

(5.) Alumina, pci oxide of iron, deutoxide of manganese, 
protoxide of chromium. 

(6.) Phosphorus, arsenic, antimony. 

(7.) Phosphoric acid, arsenic acid, antimonic acid. 

(8.) Chlorine, bromine, iodine, and fluorine. 

(9.) Sulphur, selenium. , 

This subject, pointing out the identity or similarity of the 
^ system of crystallization, which different, bodies form when 


Ann de Chim. ct de Phys. xiv. 172. 
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they enter into similar combinations, is undoubtedly* highly 
worthy the attention of chemists ; and the science lies under 
considerable ©bligations to M. Mitcherlieh for the v^jry curious 
*facts which he has pointed out. But his general position that 
atoms of bodies liaving die sam^ shape, form ij^entical crystals^ 
and that such attims wnen they unite with the number ' 

oT atoms of oxygen, of b^se, •and of wafer, fiorm crystals of 
exactly the same shape, is belied by too many examples, 
which will readily ocoeir to ev«ry*chemist and mineralogist, to 
be admitted as an established fact. 

We have no knowledge whatever of the shape of the ulti- 
mate atoms of bodies. Mitcherlieh infers that phosphorus and 
arsenic have the same shape, because phosphoric acid and 
arsenic acid form with bases, crystals oitlier identicrl, or at 
least differing from each other by vary slight variations in the 
incluiation of the respective faces. But it is not accurate 
reasomng, first, to infer sthe, identity of foyn of the simple 
atoms, from the identity of the crystals formed by the com- 
pounds, and then to deduce the ideiAity of form ©f the coih- 
pounds from that of the simple atoms. 

The only point which M. Mitcherlieh has established, and 
it is a very important one, is, thift when two salts have the ■«- 

same crystalline rorm^ they may l>e#mixed toget^^er and crys-V 
tallized in any proportion wlditever. M. \ieudant made a set 
of experiments on the pow» which certnin salts have of induc- 
ing their own form upon other sidts, 5fihowing, that a few per 
cents of sulphate of iron*when mixed with sulphate of zinc or 
sulphate of cf)pper 5 caus5 these saks to crystallize in tlie shape 
of sulphate of iron.* Dr. "Wollaston inferred from the trans- 
parency of these crystals, that they could not be mixtures of 
sulphate of iron with sidphate of zinc, or sulphate of ci>pper, * 
but chemical compounds of the two salts. Because these salts 
differ so much from each other in their respj'ctive powers, that 
mere mixtures of them could not he tr!tnsparent.f Mitcher^ 
lich confirmed these concliisicjyjis of W^ollaston by very decisive 
experiments. He mixed together sulphates of zinc and cop- 
per, and by crystallizing the mixed solutions, obtained crystids 
having the exact shape of sulphate of iron, thouglf they did 
not contain a particle of this last |^dt. Sulphate of zinc crys- ^ 
tallizes in square prisms, sulphate of copper in very oblique 
Miombic prisms, a^d sulphate of iron in right rhombic prisms 

Ann dc Chiin. ct cle Phys. iv. 72, 
f Annals of Philosophy (1st Series), xi. 283. 
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of an intermediate obliquity, between that of sulphate of zinc 
and sulphate of copper. It was obvious that those crystals 
QOnstituted a double salt, and accordingly it was found that the 
two salts existed in them in definite prqportions. ' < 

o Sulphates of popper and m*agnesiaj^ sulphates tof copper mid 
nickel, sulphates of manganese and zinc, • and sulphates of 
manganesg ajid. magnesia, all .unite togetlier, forming double 
salts having the form of the sulphate of iron. M. Mitehcrlich 
has shown tluwt the water of Cryi^tallization of these double salts 
differs from that of the two constituents, and is the same that 
exists in sulphate of iron.* Thus it has been proved, that the 
forms of the salts in Beudant’s exjieriments, was not owing to 
the influence of sulphate of iron ; but to the formation of 
doubles saltSj the form of whose crystids happened to bo the 
same as that of sulphate (}f iron. 

Mitcherlich showed that the 1.‘3 double salts, cmimerat'’d in 
page 19 of this v;olume, may be .piixed aud crystallized in any 
proportion. Carbonates of lime, magnesia, and iron, are found 
native, mixed in an endl4*ss variety of jiroportions. TJiis law 
.serves to explain an ^.jiparent mionuily which occurs in miner- 
alogy. Mineral species consist of simjile or double salts united 
to each other in definite ‘proportions. But tlu're are some 
mineral speejes, whose varieties differ so 'nucii from each other 
in their chemical 'constitutions, that it has been impossible 
hitherto to establish their constitution u])on satisfactory princi- 
varietiesin plcs. The most rcmurkublci of these minerals species, are the 
garnet, pyroxene, amphibole, and chrf/jofife. 

^saccounted gamct is a well kiiuwn mineral ’which crystallizes in 

rhomboidal dodecahedrons, anti has usually a brownish retl 
colour and a great degree of transparency and beauty. It 
' corisists essentially of a double anhydrous silicate, and might 
therefore be subdivided into three species, namely, 

1. 1 atom silicate of alumina 

' 1 aV>m silicate of lime 

2. 1 atom silicattj of alumina 
1 atom silicate of iron 

3. 1 atom silicate of lime 
1 atom silicate of iron. 

These three salts, , 

Silicate of alumina 
Silicate of lime 
Silicate of iron, 

• Ann. de Chim. ct de Phys. xiv. ISO- 
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are capal)le 5 wlicn united, of crystallizing under the same shape. 

Hence, it happens, that we find minerals crystallizing like 
garnets containing these three salts in all proportions, or de1^^i- 
tute of one»o|‘ tJiern, aiid containing the other two only. 

Silicate of aliiipina cofistitutes the*mineral dklled bucholzite* 
gftlicafe of lime has not l^een^ yet found in the minSral king- 
dom ; but it is often met with among the scoriae 8f iroif refineries, 
and frequently crystaUized. Siljpate of iron coystitutes one of 
the varieties of the mineral cjJled chrysolite or peridot, and is 
often met in the scorite of copper works. Thus tlie garnet is 
a compound of bucholzite and silicate of lime, or of clirysoHte 
and bucholzite, or of silicate of lime and chrysolite. And the 
reason of the great variety which exists in its constitution, is, 
that these double salts, having each the same form, are capable 
of being mixed in any ]m)])ortion, without altering the state of 
the ci^^stallization outlie j^orm of tlie crystal. 

Pyroxene is usually a doiflde salt consisthig of two bisili- , 
cates, which are either of tlie followiij^g: * 

llisilicate of lime, ^ 

Bisilicate of magnesia, 

Hisilicate of ir4>n. 

Mitchcrlich has observed crystals having the form of pyit>xene» 
in iron scoriie, and com))Osech entirely of l^isilicatt ofriron. 

Bisilicate of lime is the yiineral usually called iahfe spar. 

l^isilicate of magnesia is the mineral called picrosmine. 

Bisilicate of iron is hc{^aU. 

So that jiyro^xene may l^e composed of table spar, picrosmine 
and basalt, united in almost any proportions. 

The constitution of amjihibole and peridot, admits of tJie 
same cxj)lanation. 

If we were to adopt tlie notion, that the atoms of all bodies rsoiporphtsm 
are spheres, then the isomorphism noticed by Mitcherlich would 
admit of an easy ex})lanation. It is obvious#, that wherever the 
bulk of two atoms is the same, one Inight be sid)stituted for 
the other without inducing ?iny change in the form of the 
crystal, of which it is a constituent. Now, uj)on inspecting 
the table of the volume of atoms given in page 14 of this 
volume, it will be seen that arsenic, antimony? and phos- 
phorus, have the same bulk. Tint accounts for the remarkable • 
isomorphism pointed out in these Ifodies by Mitcherlich and 
Rose.* 

We have not data to determine the volumes of barytes, 

* Poggendorrs Annalendcr Physick. xv. 451. 
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strontiaii, and oxide of lead. But we will probably find that 
they have not exactly the same bulk, but that they do not 
differ much in this respect. Indeed, I have no doubt that^ 
i^morphism depends upon the identity of \; 9 lume, and that 
the "existence oF similar suites of cryotals, differing a little in 
their angles, like those exhibited by the compounds of Stron - 
tian and baryieS, are owing to an approach to the same volume 
in the atoms, widiout actually reaching identity. 

As to the isomorphisms of afumina, peroxide of iron, deut- 
oxide of manganese, and protoxide of chromium, it is inferred 
solely from double salts, containing each of these bases crystal- 
lizing in regular octahedrons; too slender a ground surely 
to warrant such a conclusion. For the diamond, sal ammoniac, 
arsenioiis acid, gold,* red oxide of copper, and many other 
bodies, the isomorphism df which cannot be maintained, crys- 
tallize also in regidar octaliedrons. 

Upon the whole, then, the preponderance of evidence is 
rather on die side of tlje spherical form of atoms. Though 
this opinioit is attended with difficulties, which in the present 
Itate of «ur Ichowledge cannot be obviated. 

However, even were we, to admit that all simple atoms are 
^ spheres, it is<plain that compound atoms could not be spherical. 
The particles'" of water and"of muriatic acid must be cylinders, 
being compQsed of two equal spheres combined together. 
Protoxide of lead must be a truncated cone, being formed of 
two spheres, whose diameters are to each other nearly, as the 
numbers 2T and 1*75. Protoxides pf iron and^ manganese, 
and black oxide of copper, must be also equal and similar cones, 
being composed each of tu'o spheres, whose diameters are 
.nearly as the niunbers 1*3 and 2'1. It is not improbable that 
four of these cones may unite togedier and constitute a cylin- 
. del’, which may be the state in which these particles aggregate 
together and constitute crystals. 

Phenomena of * 5, The foUowing 8X6 the circumstances which take place, 
unions. whcn bodies unite chemically with each other. 

(1.) The properties and appearance of the compound differ 
constituents, very much from those of its constituents. Thus, there is no 
resemblance whatever between water and its two constituents, 
.•oxygen and hydrogen. Saltpetre is quite different from nitric 
acid and potash^ of which, it is composed. Its taste is cooling 
and bitter, while that of nitric acid is sour, a\id that of potash 
caustic and hot. It is not corrosive, and may even be taken 
in small quantities into the stomach with impunity, while both 
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nitric acid and potash are two of the most corrosive substances 
in ’nature. It p*oduces no effect on vegetable blues; while 
, nitric acid renders them red, and potash green. 

(2.) Bodies ha# been alr^dy observed) unite with each 

other .only in definite pfoportions, which may be represCTited 
by iiftmbers. 

(3.) When bodies comtind chemically, the unioip is always 3. Tempera. 

' ' /• f 1 1 v'hanges 

accompanied by a change of temperature, bom^ttmes the 
temperature sinks, but in by fSfr tlie greatest nuAiber of cases it 
rises. The increase of temperature is usually proportional to 
the rapidity with which the combination takes place. In many 
cases the combination is so rapid that combustion is induced. 

(4.) W^hen two substances unite chemically, the bulk of the Buii^hanges. 
x:ompound is very seldom exactly the same as tljp,t of « its con- 
stituents. In most cases the bulk diminfthes, though in some 
insSiwces it increases. 

When 100 cubic* inches of absolute alcohol, (sp. gr. 0*796) 
are mixed with 100 cubic inches of wateft the spirit formed* 
instead of 200 cubic inches, measur^ only 195*8 cubic incites. 

WJien tin and cc^per afe melted together, in*order to make 
the metfd of cannons, the bulk of the compound is rather more 
than yjth less than that of the two metals before ^nion. , Brass, 
which is a compoulid of about ^ parts by weight of copper* 
and 4;^ of zinc, is about ^’^th less bulky th^ its two constituents 
were before union. 

Wlien a volume of azotic gaS unites with half a volume of 
oxygen gas into protox'i’de of azote, the bulk of the compound 
is only 1 volume. So tliat thesd two gases by uniting, dimin- 
ish in volume one-third part. When cluu*coal is burnt in 
oxygen gas, the volume of tlie gas docs not increase or dimin- 
ish, but its weight increases from 1*111 i to 1*5277. So that 
1*1111 of oxygen gas has combined with 0*4166 of cliarooal, 
without any increase of volume. The cpndensation or dimi- 
nution in bulk therefore is very cdnsidtrable. 

On the other hand, wl*n copper and gold are melted 
together, the alloy is more bulky thim the constituents were 
before their union. For example, when 916| cubic inches of 
gold, and 831 of copper are melted together, the •fcompound, 
instead of occupying the space of only 1000 cubic inches, 
amounts to 1024 cubic inches, the Jbulk therefore has increased 
rather more tbafl y’^d part. 

When a volume of azotic and a volume of oxygen gas com- 
bine to form deutoxide of azote, the new compound is still a 



26 f 


INTROnUCTlON. 


Clicmical 
compounds 
cannot be de- 
composed me- 
cfianically. 


gas, and occupies tlie space of two volumes; so that the two 
ingredients have combined without altering tifieir former bulk. 
YieJ: we ar^ sure that a combination has taken place ; for dent- ^ 
oxide of azote possesses quite jjifferent p! opert^es, fiPom a mere 
mixture of eqna,i volumes of oxygem^and azote'; though the 
I specific gravity of such a mixture would be the same as tliat of 
deutoxide ,of 'azote. We caimbt combine oxygen and azote 
directly Vrith each other into deutoxide of azote. Ilut we can 
combine directly a volume of li^^drogeii'gas witJi a volume of 
chlorine gas into muriatic acid. The combination is instan- 
tiineous find accompanied with combustion ; yet the bulk of 
the muriatic acid is jirecisely the same as that of the two con- 
stituents before their union. The same observation is true of 
liydriodic acyl, whiclr is a compound of ecjual volumes i>f 
hydrogen and iodide vapour united together without any 
change of bulk. 

The compound^ which the metals form with each other, 

• have been hitherto but sujierficially examined. \vt some 
examples an? known of^two metals which may be smelted 
together \j:ithdut any fdteration of vo'iume, though at tlu* same 
time they form a chemical union with luch other. Thus, M. 
Kupfcf has s^own, that wluni one volume (>f lead and two 
volumes of tin. are melted ‘together, th(' bulk of the alloy is 
just three volumes, so that neither dilatation nor contraction 
have taken place.* ' 

6. When bodies are cliemically united with each other, we 
cannot sejiarate them again by filtrafion, or cuiy mechanical 
method whatever. Hejit sonletimes enables us to produce a 
separation; but in the greater number of cases this exjiedient 
is quite unsuccessful. \Mien a volatile substance is united to 
another which is more fixed, it cfinnot be figain separfited so 
easily by applying heat, as we might be led to exjiect from 
our knowledge of the diflerence between the volatility of the 
two constituents. ThuV;, sutphuric acid does not boil till it be 
heated above 600°, wdiile water bc^ls at 212°. Ilut if we hefit 
a mixture of sulphuric acid and wfiter, we will be disajipointed 
if we expect that the w^ater can be driven off at 212°. We 
must raise 'the heat much higher, before the liquid liegins to 
distil over. And what jiasseit, into the receiver is not juire 
water, but a compound of ^ sulphuric acid and water. It is 
true indeed, that the acid remaining in the relMrt is more con- 


* Ann. cic Cliiin. et de Pliys. xl. 
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ceiitrated than the liquid which distils over. But'hfter the 
specific gravity of the acid is raised as high as 1‘847, (or when 
it consists ©f a combination of 5 acid and 1-125 water J3y 
weight,) all farther goncentration by heat is at an end. l^o- 
thing more*p{ftses into tlie rtfleeiver, till the heat is raised jfo 
the boiling point of tfie acid, and then the wliole comes over, 
'contiiining the acid and w.ite» still ifliitcit tog^tlier.^ 

Muriatic acid is a gas, and lime a fixed body, ^et when 
muriatic acid and linae ai'e uigted into chloride, of calcium, no 
heat tliat w'^e can ai)ply will separate the two ingredients from 
each other. We may heat the salt to redness and fuse it to a 
liquid, but the volatile constituent cannot be separated from 
the fixed one. 

Ammonia is a gaseous body, and nitric acid a liquid.. When 
united they constitute the salt callt^l nifmte of ammonia. No 
heat which we can a])j)ly will separate the ammonia from the 
nitric acid. Wliea tlie« sa(); Ls heated to ^300° it melts, and 
at 4,50o it undergoes decomposition, being; entirely converted* 
into water and protoxide of azote ; all*traces of bot|^ the original 
constituents of the salt eutirely disappearing. 

It is therefore nnpossiblc in the greater number df cases, to But by the 
separate the diff’erent substauct^ that have been combined, third b<)<iy. 
either by mechanicsii means or by tlic application of heat. But 
by multiplying experimentsfin the way of mixture, discovery 
has been made which has b»en of infinite xise to chemists, and hsis 
greatly enlarged their })ower ovur a great number of tliffercnt 
com])ounds. It has beow found, that the addition of some third 
body to a eoinpound of two iygredients, w-hich arc strongly 
united together by chemical combination, will in many cases 
dispose them to separate from each other. The third body unites 
to oiu! of the constituents of the compound, and sets the vthel- 
constituent at liberty. Thus, if we add potash in the requisite 
quantity to a compound of sulphuric acid and water, it will 
combine with tlie acid and set th(^watt‘r at lib(Aty. A h€;jit^ 
of 212° will now cause the ^^Jp,ter to boil, and it may be distilled 
over completely, and almost as easily as if the sulphate of 
potash were not juesent. 

If we dissolve the compound of muriatic acid and lime iti 
water, and add the requisite quantity of potash to the solution* 
the whole of the lime will be thrown, down, and if after separat* 
iug it by the filtgr, we evaporate tlfe solution, we obtain a salt 
composed of muriatic acid and potash, or what is iioir^ callhd 
chloride of potassium. If, instead of potash, we add the requi- 
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site quatitity of sulphuric acid to the solution of chloride of 
calcium, the muriatic acid is disengaged and may be obtained 
in„a separate state by distillation, while the lime and sulphuric 
acja remain united together in the state of sulphate of lime. 

e The whole art ^ of chemistry consists in forming compounds 
eby uniting different bodies with each othcfr, and in again 
separating th^ |>y the addition, of a third body. And he is 
the best nand most skilful chemist, who knows what the third 
body is which capable of pfoibicin^ tho decompositions that 
he has in A'iew. 

wn^onslind ^ ^at is it that occasions these combinations when bodies 
mixed with each other ? and how is it that a third body 

pSS!”' chosen, is capable of putting an end to combinations 

apparently so firm ? 

When we attempt to ejjplain any curious phenomenon, the 
method which we take, is to endeavour to show that it may be 
referred to some principle wath^ which r,-e are already ac- 
•■ quainted. But tl,ie phenomena of chemistry bear so little 
resemblance to any thhig else with which mankind were 
familiar, that we need not be surprised that the first attempts 
to exphiin them were very unsuccessful. When we are told 
that an ingenious mechanic has contrived to move an immense 
mass of rockjjy the force ^of one man only, we will not be 
greatly suiqirised, if we are at all acquainted with the ])OM'^ers 
of mechanism. We know the thing to be possible, and that 
the machine is merely a contrivance for increasing force at the 
expense of velocity. But when the ^ame rock is moved by a 
chemist, it is by no means so. easy to understand the operation. 
If we are told, for example, that he mixed a small quantity of 
saltpetre, charcoal, and sulphur together, laid this mixture 
Under die rock, and having applied a spark of fire to it, the 
rock was instantly thrown up with great violence and velocity 
out of its place — ^we find nothing here that is reducible to the 
cfimmon laws of mechanisnti — no contrivance for increasing the 
force at the expense of the vqjocity — we wonder, we are 
astonished ; but we cannot explain. 

It was not till after the time of Lord Bacon that chemistry 
began to Jje studied by men who were acquainted with other 
branches of science. The mechanical powers of bodies being 
the most familiar of any, iqankind have a propensity to employ 
them in explaining the phenomena of naturq. Bacon recom- 
mended this sort of reasoning in preference to the language 
which was common in his time among chemists, and Mr. Boyle 
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afterwards attempted to introduce it and to supporl it more 
fully. It was applied in consequence with so much boldness , 
and so little •judgment as to disgust men of real discernmept, 
and to incline them the notion, that chemical facts could'not 
be explaiiied hi a satisfactory manner, by reasoning iropi 
meclmnical principles. ^ 

* The paper of Lemery,*jui»or, pifblishfed in tjxe Memoirs oj^ByLemery. 
the French Academy for 1711, entitled Sur les preoipitatium 
chimiques, affords an « 0 xc 6 lleni example of this Jtind of reason- 
ing. Lemery was a man of great celebrity, and judging from 
the memoirs which he has left us, he was possessed of consid- 
erable merit. He was a me'mber of the Academy of Sciences 
of Paris, one of the most celebrated scientific institutions in 
Europe, and his lucubrations on solution and precipitation were 
thought worthy of publication by t^at learned body, 24 years 
aftar the appearance of Newton’s Principia, and 7 years after 
that of his Optics. • ^ 

According to Lemery, a fluid which has ,the power of dis-* 
solving a solid body, abounds with sharp an’d pointed particles, 
having the forms of needles or wedges,*which Are agitated in 
the fluid with a rapid and confused intestine motfon. The 
solid again, has pores of such siAs and shapes as are fitted to 
the pointed particles of the fluid ; ,these pores 5re penetrated; 
and the solid in consequence torn asundlr. 'llie feason why 
potash precipitates marble^from its solution in nmriatic acid, is, 
according to Lemery, because. its particles are porous and 
spongy, and by this coBfiguration, and by a confused motion, 
they take hold of, aiidr break jbe spiculae of the acid which 
held the particles of the lime attached to them. Nitric acid 
dissolves iron and copper, but not gold, because the two former 
metals have wider and more numerous pores than gold. 

But it is needless to dwell at any great length upon an unsuc. 

* " ~ ^ CGSSfllllV 

explanation, which is not only quite gratuitous, but altogether 
inconsistent with itself, and foj^nde^ on principles utterly 
inadequate to explain the phenomena which it undertakes to 
elucidate. If the pores of iron be wider than those of gold, 
because it is soluble in nitric acid, while gold is not acted on 
by that acid ; then the pores of gold must be wider, tlian those 
of iron, because it is ^ssolved with the greatest facility by 
mercury, though that metal wilt not touch iron. Silver dis»- 
solves in nitric acid and not gold;»\)ut in aqua regia gold dis- 
solves with facility, while silver remains undissolve^^. Wp 
cannot conceive these supposed intestine motions of fluids. 
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which j(fe utterly insensible, to continue for. ever ; they must 
of necessity stop one another, and the particles of the liquid 
nyist come to a state of rest. Yet muriatic acid •though kept 
for ages in a state of rest, would dissolvo^marble Mdth as much 
ej;iergy as at first^ We know,* too, thijt solid Nodies are cnpa- 
,ble of acting •upon and dissolving one another, though^it is 
not conceivalilo ^thaf their particlest shoidd be in a state of 
motion. • 'f'hus, common salt and snow wlien mixed together, 
immediately bqgin to act upon^and’ mutually to dissolve one 
another. 

These attempts of Lemery and some other similar ones were 
utterly unsatisfactory — ^and indeed no chemical theory existed 
which connected chemistry with the other parts of science, till 
Newton.published the second edition of his Optics, in the year 
1717. To tlie eiuUbf tl\js edition he sidijoined thirty-one 
queries, the last of which relates to chemistry. In this (jiv^ry 
he lays open a view of chemical com4)inatk)n and decomposi- 
•tion, which is altogether his own, which is much more satis- 
factory, and^which *makes»theni ajipear much more conformable 
tq the rest o£ natural phenomena than any that had been 
offered beTore. 

of'fi'cwton’" Newton had already tliirl^ years before explained the mo- 
rions and conifexion of the Jieaveidy bodies with one another, 
by showing that thejfare retained* in their orbits by the same 
power which fk*termines a stone to frll to the ground — a power 
usually called grai'itatio7i%,OT the attraction of gravitation. He 
conceived that there are other forces ojrprinciples of motion in 
nature, by which certain bodift%act or a^)pear to act at sensible 
distances on one another. Tliis is eviiiently the case with the 
attractions and repulsions connected with electricity and mag- 
netism ; he suspected that there are still other forces whose 
splipre of action is still smaller, being confined to the ultimate 
particles or atoms of bodies — and so small indeed as to escape 
oyr senses. These actjons jjr forces he considered as manifest 
in the attraction and cohesion of polished planes and metals, 
in what is called capillary aitraction, and in the mflection and 
deflection of light as it passes near the edges of solid bodies. 

He suspected that chemical combinations and decompositions 
depended upon powers somewhat resembling the others. He 
'A^as of opinion that the ultimate particles or atoms of certain 
bodies attract each other with an unknown buj enormous force, 
which begins to exert itself only at very minute distances. 
Hence when such bodies are mixed, the particles of each being 
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brought within tiip requisite disteince, this force exeils itself 
an(J the bodies \jnite. The decompositions produced by the 
addition of ajthird body he ascribed to the superiority of tljp 
•attraction of this third^body for one of the constituents of tlje 
compound, c»nsequence of #hich it unites with that corig 
stitueitt and sepamtes tl^ other which was previously in com- 
Mnati(>n. Thus muriatic «cicl dissoH'es marble^ because the 
attractive force between the particles of the acid and rfhose of 
lime is greater than Uie fiarce^by which the particles of the 
marble cohere together, and than the force which united the 
lime in the marble to the carbonic acid. Tliey are therefore 
separated from each other, aftd a particle of lime uniting to 
every particle of muriatic acid, the whole lime, if the quantity 
of aci(i be sufficient, is equally diffused through the liquid. 

Wiien pofeish is added the lime agaiy falfst down, because the 
potiu^i lias a greater attraction for the jiarticles of the acid than 
the liilie lias ; it the«efor» unites witli the acid and separates 
the particles of lime, M'hich being disengag^i, obey the laws ' 
of gravity, and fall to the bottom of tile vessel. 

These views of Newtoy made their wav int® the scienca Affinity what, 
very slowly ; but bt*fore the middle of the last centiiry they 
seem to luive been almost iinivetsally ado])red. Chemists, 
however, instead ftf the term attract ipn employed* by Newton, 
substituted affinity^ first introduced into tChernistry by Dr. 

Hooke, and caught with avklity by the chemists the Con- 
tinent. By chemical affinity tli«Ji i?* meant that unknown 
force which causes the uUiinate })articles of dift’erent bodies to 
unite together and to rewnain unit'd. Tliis term is in some 
respects preferable to attraction. Because this last term natu- 
rally suggests the idea that the united bodies are drawn nearer 
to each other than they were before their union, which is liot 
always the case. For when hydrogen and chlorine unite to 
form muriatic acid they do not approach nearer each other than 
they were before their union; and \^lien^old and*copper are« 
alloyed together the volume ^f the compound increases, so 
that the constituents appear to have receded farther from each 
^)ther than before they united. Affinity indicating merely the 
power or the force which produces the union, seems well adapted 
for the purposes of science. 

As soon as the Newtonian notions pf affinity were adopted 
by chemists, they naturally concluded, tha^, when a compound 
a b was decomposed by the body c, which combined with 6,* 
disengaging a, this was because c ha<l a stronger affinity for h 
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Tables of af- 
finity. 


than a had. Decomposition therefore came, to be considered 
as the measure of the strength of affinity. Dr. ,Mayow of Oxfprd 
seems to liave been the first who demonstrated tl^at bodies fol- 
low fixed and constUht laws in their action on each other. He* 

t 

shov^ed tliat volatile alkali is «.eparated from tfill, sicids by the 
fixed alkalies,, that nitric acid is disengaged from saltpetre by 
sulphuric acid, and that metals p,re precipitated from acids liy 
potash.*. 

In the yeai;, 1718, M. Geeffi^y, senior, thought of arranging 
bodies in the order in which they separate each other from a 
g^ven substance.f Bodies thus arranged were considered as 
exhibiting the order of the affinity of the respective bodies for 
the substance with which they united ; that body being placed 
liighest which had the strongest affinity or was capable of dis- 
placing all tne others. Xhe rest of the bodies were placed in 
the order of their affinity. ^ 

Geoffrey’s tables were necessarily. .veryiimperfect. Tlie first 
great improvemept of them was by Gellert, in his Metallurgic 
Gliemistry, first published in 1751. In 1761 a still more exten- 
^iive table wap givenoto the chemicaj world by M. Lirnbourg. 
Bergman’s Dissertations on Elective Attrattions (as he termed 
affinity) was first published* in 1775 in the third volume of the 
’ Memoirs of "“the Royal Society of Upsaip. This work, after- 
wards republished by the author in 1783 in the third volume 
of his Opusoola, appears to have fixed the opinions of chemists 
in general to his own views of the subject. According to him 
the affinity of each of the bodies a, hf>c, d, &c. for x differs in 
intensity in such a manner that the intensity of the affinity of 
each may be expressed by numbers. He was of opinion also 
^at affinity is elective, in consequence of which if a have a 
■ greater affinity for x than h has, if we present a to the com- 
pound b Xf X separates altogether from h and unites to a. Thus 
barytes has a stronger affinity for sulphuric acid than potash 
Jhas; therefore if barytes he mixed witli a solution of sulphate 
of potash, the sulphuric acid will leave the potash and combine 
with the barytes. He examined the alleged exceptions to this 
•general law, and accounted for them witli such plausibility as 
to remo\*e the doubts that had hitlierto hung over the subject. 
Bergman’s table of affinities, constructed according to the plan 
of Geoffroy, was much more copious than any that had preceded 


* Mayow de Sal nitro, p. 232^ 
j- Mem. Paris, 1718, p. 202. 
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it, containing all tlie chemical substances at that time kn^n. It 
consists of 59 columns. At the head of each of which is placed a 
cliemical bodji, and the column is filled with the names of jiU 
the substances which #nite with it, each in the order of ife 
affinity. Eadi dblumn i^ divide# into two corypartments by % 
black iJne. In thb first is exhibited the affinities* in ^e order 
of the decompositions when*the^subst^ces are in solvation. In 
the second compartment are exhibited the order of the*decom- 
positions when the substances afe exposed to a strong heat, as 
for example by heating them to redness in a crucible. The 
first of these he called the affinities by the wet way, the second 
the affinities by the dry way. 

Bergman’s opinion that affinity is elective, and that the order 
of affinities is determined by decomposition, continued to be 
universally admitted by chemists till*Bertltollet published his 
Disser|ation on Affinity, in the third volume of the Memoirs of 
the Institute, and hiff Essdy on Chemical Statics in the year 
180.3. He considered affinity as an existing between 

the bodies which combine, and an atffaction probably similar 
to that which exists between the planeAry bodies. ^ But a? 
those bodies which obey the impulse of affinity are at a very 
small distance from each other, the strength of J:heir affinity 
depends not merely ftpon the quairtity of mattes M'hich they 
contain, but likewise upon their shape. ' Affinity being an 
attraction, must always prodtice combination ; and as the attrac- 
tion is analogous to tliat of the plalieta^ bodies, it follows as a 
consequence in Bertholft?t’s opinion, that the affinity must 
increase with the mass of the actingliody. Tims though barytes 
has a stronger affinity for sulphuric acid than potash; yet if we 
present a groat quantity of ^lotash to a small quantity of sul- 
phate of barytes, the potpsh will separate a portion of the acid. 

According to this new doctrine, affinity is not elective. A 
substance which has a stronger affinity is no! capable of sepa- 
rating completely those which have il \^edker affinity ; or if thi^ 
happens, some other cause intervenes. Instead of separating 
^the weaker body, it divides with it the base to which that body 
was united ; each combining with a part proportional to the 
strength of its affinity and the quantity present. ThiS opinion 
is exactly the opposite of the old o»e. According to the former 
hypothesis, when sulphuric acid is dropped into nitre, it sepa- 
rates the whole of the nitric acid, and takes its place. According^ 
to Berthollet, each of the acids combines with a portion tlf the 
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base outlie nitre, and the portion which unites to each is pro- 
portional to the strength of affinity and tlie quantity of each 
ac^d employed. 

. But it is a matter of fact that the ad^lition of a tlxird body 
Aequently separates two subs^uces previously united, the third 
body taking ''the place of one of the coni^tituents, w^iich is 
thereby separated altogefher. ThuS if sulphuric acid be dropped 
into nitiate of barytes, the barytes combines with it, leaving the 
nitric acid in a disengaged state-, uffiile the sulpliate of barytes 
precipitates to the bottom. Or if potash be dropped into a 
solution of nitrate of lime, the lime precipitates to the bottom, 
and the alkali instead of it unites to the acid. These facts, and 
many others which will immediately occur to every chemist, 
appearing at first sight contrary to Berthollet’s theory, it was 
necessary for him to reconcile them to it. According to him, 
whenever decomposition takes place it is owing eitlier to the 
insolubility or the elasticity of tjie ingredient which separates. 
Sulphate of bary^tes being insoluble in water, while nitrate of 
bhrytes and nitric acid &re soluble in that liquid, it must happen 
<when the substanceS^are mixed that the insoluble salt precipi- 
tates on‘ account of its insolubility. It is the insolubility of 
lime .that causes its precipifiition when potash is dropped into 
nitrate of lime. Accordingly when petasll is dropped into 
nitrate of soda, no precipitation whatever takes place, because 
both the pothsh and the soda are Very soluble in water. But 
if we concentrate the solutien sufficiently by evaporation, crys- 
tals of nitrate of potash will be deposited, because that salt is 
much less soluble in water tiian nitrate of soda. In like man- 
ner when nitric acid is poured upon carbonate of potash the 
carbonic acid is disengaged and flies ofi*; because its elesticity 
caiises it to separate from the liquid and assume the gaseous 
state, as soon as the nitric acid weakens the attraction by means 
. of which it was at^ched to the potash. 
z„.satufac. c The opinions wliich Beithollet endeavoured to establish were 
not only inconsistent with those, of Bergman, but utterly sub- 
versive of the whole science of chemistry, if he could have 
established them. He maintained that a third body c, was not 
capable Df disengaging a from b in consequence of any superi- 
ority of affinity ; but in con^quence of some other circumstance 
(as insolubility or volatility) totally unconnected with the 
strength of affinity ; that the strength of affijiity may in all cases 
be overcome by employing a sufficient quantity of anotlier body. 
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though its afl&nity*be weaker; and that bodies are capable of 
uniting with each other in any proportion whatever, except in 
so far as definite compounds may be occasioned by some otjjier 
•unconnected circumstance. On this last point a controversy 
was carrie(f <fn Between ^erthoflet and Proust- The latter rf 
whonj showed by innumerable proofs that all cibmpi^unds are« 
definite, and thatno two bddie# are capable' of Qpmbiaing except 
in certain determinate proportions. The progress which che- 
mistry has made sinc^ the’ tinft of this controversy leaves no 
doubt whatever upon the mind of any one that the views of 
Proust were correct, while those of Berthollet were completely 
erroneous. 

Nor is it very clear that the opinion of Berthollet, that mass 
is capable of compensating for strength o^ affinity, is perfectly 
correct. Affinity acts oidy betweenHhe afoms of bodies, which 
are %<j exceedingly minute, that however strong the power may 
be it cannot begin fB act\ill-the atoms approach within a very 
small distance from each other. Were it posable for two atoms 
of b to approach as near «, as 1 atom*of c can, then it is very 
probable that the joint action of the two Voms Aighj be ablfe 
to overcome the action of the single atom, c ; though the affinity 
of c may be much stronger for a than that of a sij(gle atom of b,^ 
But the very circumstance that c When ^dded 4o q 5 has the 
property of disengaging b, and of uniting uuth a injts place, ren- 
ders it evident that there is something which prevents the possi- 
bility of b and c being at the sanie tifhe at an equal distance 
from a. c not only attrSets a; but it must at the same time 
repel b; and the decomposition^ *and new combinations must 
be produced by these joint repulsions and attractions. 

It is the explanation of the decomposition produced bytlie. 
action of a third body tliat constitutes tlie weak part of Berg- 
man’s doctrine of elective attraction. If affinity be mSre 
attraction^ it is impossible to conceive any reason y^hy the addi- 
tion of c to ab should cause the Bepeuftition of b from a. 
ought to combine with a b, find form a triple compound a b c. 

, To tell us that it is a law of nature, that only two bodies can 
combine with each other at once, is merely eluding the difficidty 
without obviating it. This was the part of Bergman's doctrine 
which Berthollet attacked with m#st success ; but the structure, 
which he endeavoured to rear upojl the ruins of Bergman’s 
hypothesis was not more stable than that of his predecessor had 
been. 
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Klectro-che- 

iinicaLtheory 

explnned. 


Decomposi- 
tion explain- 
ed. 


Sir Flumphrey Davy, in his admirable paf«*r on Galvanism, 
published in the Philosophical Transactions fdlr 1807,* endeh- 
vcwjred to show that substances having an affinity fRr each other 
are in different states of electricity, the ofce plus an^ the other 
ntini^ ; that the more intensely these t^vo different states, exist 
•in two l^ies,*the stronger is their affinity for each others aiici 
that in order to decompose a compound, or to put an end to 
the uniod between its constituents, we have only to bring them 
into the same filectrical state.f •l^rom tlfese premises he drew 
as a conclusion that chemical affinity and electrical attraction 
are identical forces. The probability of this opinion has been 
strengthened by many observations on combination and decom- 
position. And M. Ampere has developed at considerable 
length die ingenious yiews which he has formed respecting the 
identity of electricify and chemical affinity. Tlie electrical 
theory has been embraced by every chemist of eminence Vho 
has written on the*subject since the appearance of Davy’s pa])er, 
and seems at prdsent to constitute an universally admitted 
opinion. 

' This ^lect/ical theory enables ul to account for chemical 
decompositions by the actior^ of a third body, in a more satis- 
,factory way than could be done by Newton, /ir by Bergman, 
who fbllojv'ed* up tly Nevftoniai^ view's,* and w'ithout having 
recourse -to t^e subtilties which Berthollet adopted, and which 
if correct would have put an end to definite compounds alto- 
gether. 

Oxygen, chlorine, bromine, and iodine are always in a nega- 
tive state, w'hile the other siniple bodies are positive. Hence 
the reason wdiy these four bodies have a tendency to combine 
.with all the others. Potassium is very strongly positive, while 
oxygen is equally strongly negative. Hence the strong affinity 
which exists between these two bodies, and the difficulty of 
decomposing then! wdien they are united. If a current of 
chlorine gas be passeh through hot potash (wOiich is a com- 
pound of potassium and oxygen)* the oxygen is disengaged in 
the state of gas, and the chlorine unites to the potassium in « 
its place. This decomposition is brought about by the agency 
of two forces. Chlorine like oxygen is negative. It is there- 


* Entitled, On Some ChemiceJ Agencies of Electricity, 
f See an account of several of his experiments in my work on Heat and 
lilectritity, p. 49]. 
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fore attracted by tiie potassium and repelled by the 8xygen. 

The heat acts partly perhaps by diminishing the cohesion 
which exists •between the particles of potash ; but chiefly ^ 

Exalting the negative energy of chlorine. This energy whea^i 
increased l?y*h#at is greater than the negj^tive energy of 
oxyge^. Hence ^ts attraction for potassium mu^ e?^Med that 
o*f oxygen for the same baSe. • It therefore tiijces tlie place of 
the oxygen ; and the mutual repulsion between chlorine and 
oxygon, together witli«thc*elasiicity of the oxygen, is sufficient 
to cause that princijile to fly off and make its escape. 

The reason why many bodies require a red heat before they why heat 

produeescoin. 

combine, and why when raised to tiiat temperature they unite liination. 
with great energy, does not appear, if we coniine ourselv'es to the 
notions of affinity entertained by Bergman. But the electrical 
theory enables us to assign a reason fcir thiseffect of heat. Let 
us tidce the case of oxygen and liydrogen gases. The former of 
these bodies is negatK'e aiftl thelatterpositive.. They have there- 
fore a strong attraction ; but this attraction ^ not sufficient to 
overcome the mutual elasticity of tlfb tu'o gases,. occasioift;d 
probably by an atmosphere of heat surrcflinding "the atoms of 
each. But a red heat exalts the electric energies o^ both so 
much, that they are enabled to overcome the resistance, occa- 
sioned by the elasticity of the gases, and in consequence to 
combine together. 

Thus the electrical tlieilly of affinity holds out advantages 
over the old hypothesis, whicli will sefve to explain the reason 
why it has been so gendlally adopted, and why it is at present 
so great a favourite with chemists. However, udien we take 
a closer view of chemical combinations and decompositions, 
several difficulties present themselves of no ordinary weight. 

T'hese difficulties will be best understood by taking a view of 
some of the most common cases of combination and decompo- 
sition with which chemists are familiar. "We wilj at the same 
tune have an opportunity of judgiit^ iio^ fsu: they can be obvi- 
ated, and whether they be swfficient, as has been alleged by 
, some, to oblige us to reject the electrical explanation of affinity 
altogether. 

It may be proper to observe in the first place, thaf Ampere, 
who has favoured the world with 4he most detailed view of the, 
electric theory, considers every atom of matter as essentially 
and vmchangeablji either in a state of positive or negative ele^ 
tricitj\ The eonseqnence of this state he thinks must f>e, thin 
every atom is surrounded by an atmosphere of a contrary elec- 
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tricity.* The atoms of hydrogen, for exomplef which are 
are surrounded by an atmosphere of negative* electncxty^ while 
tjie atoms of oxygen, which are negative^ are suwounded witli 
aji atmosphere of positive electricity. • The consequence of 
thist^state of thiyg^, he thinki^ will that 'vWieft an atom of 
hydrogo^ approaches to an atom of oxygen J tlieir two .atmo- 
spheres ii^ the place neutraKze bach other. This combina- 
tion of tfie two electricities produces heat and light. Hence, 
in his opinion) the origin of the^ombustfon which so frequently 
accompanies rapid combinations. 

This way of accounting for the heat and light evolved by 
rapid combinations has been long a favourite with men of 
science. It was long ago maintained by Ritter. It was 
likewise the^opinion of Winterl ; and more lately of CErstedt. 
But in my work on*lleat«and Electricity I have stated a series 
of facts which seem altogether inconsistent with it, and^ which 
go far to prove that the electric spaik is Occasioned not by the 
union of the two electricities, but by the sudden condensation 
of the air or other elastit medium through which the electricity 
passes. When lon^ sparks are drawn from a conductor, that 
part of t^e spark where the two electricities unite is always the 
faintqst, a fjmt quite incompatible with the^ notion, that the 
spark is produced by their«union. Indeed the spark is always 
brightest at its negative and positive extremities, showing 
clearly that ft is not connected witJi the union of the electrici- 
ties, but depends upon ihe iA:tion of the electricity on the air. 
No doubt, it is some difference in thd way that the two fluids 
act on the atmosphere, tlijft* occasions the difference in the 
appearance of the sparks drawn from a negative and positive 
body. 

Neither can the position of Ampere, that every atom is 
^o ms not essentially and unchangeably in a state of positive or negative 
electricity, ^oughiipon it the plausibility of the electric theory 
in a great measure depends, be admitted without considerable 
modifications. There is a strong affinity between sulphur and 
oxygen. They combine in various proportions, forming power- , 
ful acids. When these acids are decomposed by the galvanic 
battery, flie oxygen attaches itself to the positive pole and the 
.sulphur to the negative. Hence we are entitled to infer, that 
oxygen is negative and svi^ghuY positive. But sulphur combines 
ykewise with hydrogen and forms an acid ; and when this acid 
‘is deccffiiposed by galvanism the hydrogen is found to be posi- 
tive and the sulphur negative. 
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Thus it appears that sulphur with respect to ox^en is 
positive ; but witl»re8pect to hydrogen negative. Its state then 
is neither essentially positive nor negative, since it change 
According to the subsUipce with which it combines. The veVy 
same remarlc ma^ be ma^e of sAenivtm^ arsenic, tellurium, |mc^ 
even ^rhmi. A^en these bodies combine with .oxygen they 
are positive ; but .when they combine Vith hydrogen they are 
negative. Again chlorine and oxygen are capable of^iombin- 
ing, and it appears when the compound is decoinposed by gal- 
vanism, that the oxygen is negative and the chlorine positive. 

Both combine with calcium, and when the oxide and chloride 
of calcium are decomposed by galvanism, it appears tlmt the 
oxygen and chlorine are both negative and the calcium positive. 

Now since oxygen with regard to chlorine is negative, surely 
we must admit that it is tlie most jiegafWe of the two. It 
ouglifc ^therefore, according to the electric theory, to have a 
stronger affinity for dUlciufti than chlorine has^ Yet if we heat 
oxide of calcium, and pass a current of chloryiegas over it, tlie 
oxygen will be disengaged, and the cliiorine will ta^e its plac«. 

Here we have chlorine positive with regard to •oxygen, and 
negative with regard to calcium. And we have a body which 
appears to be less negative displacing a body which is more 
negative than itself, "IIow are these facts and mjny others of* 
a similar nature to be explained ? 

If the two electricities cdhsist of two distinct fluids, and if 
these fluids be inseparably connected with the atoms of bodies, 
so that every atom contahis at all times and in all situations 
exactly the same quantity of negative or positive electricity, it 
is obviously impossible that a body can be positive with respect 
to one body and negative with respect to another. It must 
invariably preserve in all cases either its negative or its positive 
state. Now this is not the case with atoms in general. Kor 
with the exception of hydrogen, potassium, ^nd perhaps one or 
two other alkaline bases, there are nt> bodies invariably /xwiVife > 
and except oxygen there is pe«haps no body invariably negative. 

We must therefore conclude that the atoms of bodies do not 
contain each a specific quantity of electricity which is not capa- 
ble of varying. 

It is much more probable tlmt both electricities exist in every 
atom ; though in most cases one of the two fluids preponderates "i# 
over the other, mid that the fluids are not inseparably attached 
to the atoms; but capable of being increased or diminished 
according to the laws which bodies follow witli regard to elec-. 
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tricity: Now taking tliis view of the subject, let us see whether 
the electric theory be not compatible with the atom of a body 
jieing in a different electrical state with regaud to different 
bodies. In oxygen there is a great preponderance of negative 
j^eleptricity. Itjis negative w\ch resp^ect to other body. 

Sulphur is iite^gative with regard to most bodies ; but it i^s obvi- 
ously not so^po^werfully negatb^e as oxygen., Let us suppose 
now an^atom of sulphur to be placed within a very small dis- 
tance of an atom of oxygen. know that the two electri- 

cities will act on each other. The negative electricity of the 
atom will repel the negative electricity of the sulphur, 
and as the atom of oxygen is almost twice tlie size of an atom 
of sulphur, and contains a much greater quantity of negative 
electricity, it is evident that it will act with greater energy. A 
portion of the negative electricity of tlie sul])hur will be driven 
off; while the positive electricity will accumulate in consequence 
of the attraction qxercised on it by the negative electricity of the 
oxygen. Positive electricity will accumulate in it, and nega- 
tiv^e electricity will dirfiinish. This will of course render it 
positive^ thoBgh l)efore the action of tlie oxygen on it, it had 
been negative. In consequence of these two different states, 
the two atoms combine, and the attraction betM een the two 
electricities pull prevent asiy alteration m their state aslongiis 
they remain uiiitecb We may in this way easily conceive how 
an atom ma^ be positive when it (Combines with one body, and 
negative when it combines with another. 

As for tlie difficulty respecting <?hlorine, that though less 
negative tlian oxygen, it notvithstanding separates oxygen from 
s^^Ira'tes calcium, it must be observed that this separation is not induced 
oxygen. uiiless heat be a])plied ; the reason jirobably is, tJiat Jieat has a 
greater effect in exalting the electricity of chlorine than of 
ofcygen. Hence though chlorine while cold is less negative 
than oxygen, it pr(?bably becomes more lu^gative when strongly 
dieated. 

By this view of the subject, rriost of the difficidties may be 
obviated, and the electrical theory of electricity rendered at 
the same time much more conformable to the common pheno- 
mena of* electricity and the laws which regulate the accumula- 
tion or diminution of electricity in bodies, than it would be if 
we considered every atom as endowed with an inseparable 
^quantity of one or other of the two electricities. 

WJfth respect to the unknown link which unites the electri- 
city to these atoms and keeps it united to them, we are quite 
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in the dark. It is«not an attraction similar to gravitatidln ; for 
it is demonstrable* tliat the electricity is deposited only on tlie 
surface of tht atom, and that its quantity capable of accumu; 
lating, is proportional#to the surface, and bears no relatiop 
whatever to* the Veight qf the aff>ms. 

Thg number of* atoms of one body, capable of unitmg to an 
atom of another body, is ptobably connected \yith t^e state of 
the electricity of both. If the. positive electricity of one atom 
be just neutralized bj^the* ne^tive electricity o£ another, we 
might expect that the two bodies would unite only in one 
proportion ; or at least, that the compound consisting of one 
atom of each body would be the most stable. But if one atom 
be twice as positive us another is negjitive, or vice versa, then 
we might expect that a compound consisting of one atom of 
one body and two atoms of the othe% wuiukl be most stable. 

Salts OTC comixised of an acid united to an alkali usually why salt* »re 
atom to atom ; and if is nerally observed, that they are more than their 

^ *' . • compounds. 

difficult of decoin])osition than the acids or l^ses, constituting 
them wlien in an insulated stiite. CJnis, sulplnyic acid 4s 
decomposable by a red he*it; but sulpliafe of potash may bo 
exposed to a red heat without undergoing any afteration. 

Oxide of silver is easily deprived 8f its oxygen by a moderate 
red heat; but phosiihate of silver m capable of peariiig a red 
heat without undergoing any alteration. •The reason of this 
increase of permanence, prcfliably, is owing to the ^^ay in which 
the constituents combine. The acid being composed of two 
constituents, one of whif-h is positive and the other negative, 
may be represented thfls, + Tlie alkaline base being 

similarly composed may be represented by the same symbol, 

— +• Now, there can be little doubt tliat the acid and base 
when combined, will arrange themselves thus, 

+ — 

. . . — • . . 

that is to say, the positive ingredient of the one will attack 

itself to the negative ingredigent of the other. Thus, every 
negative body will be placed between two positive, and every 
positive between two negative — a situation which ought to 
incrotisc the firmness and steadiness of the compounck 

The black oxide of mana:ane8e employed for obtaining why teroxidc 
oxygen and chlorine, is a compound «f one atom of manganese “ 
and two atoms <jf oxygen. Wlien strong sulphuric acid is 
poured over this compound, one half of the oxygen ^of th^ 
oxide is disengaged and makes its escape in the giiseous state, 



INTRODUCTION. 


while the sulphuric acid unites with the pretoxide of mangan- 
ese, and forms a sulphate of manganese. What is the reason 
pf this diseng^ement of tlie oxygen ? It may he observed in 
^e first place, that manganese is the n^ost positive of all th<? 
cmetols. Henc^, it is capable of uniting with and condensing 
into a solid, no fewer than three atoms of 'oxygen, alfhou^li 
the size of the atom of oxygen is more than four times as great 
as that of the atom of manganese. When manganese is united 
with only one atom of oxygen,Lit still retains its positive nature 
so strongly as to possess powerful alkaline qualities, and to be 
capable of uniting with and neutralizing the different acids. 
But when it has combined with three atoms of oxygen, it has 
become neg^ative, and possesses the characters of an acid. W e 
see, therefore, that three atoms of oxygen are more tlian capa- 
ble of neutralizing one . atom of manganese ; but the black 
oxide, which is a compound of one atom of metiil and two 
atoms of oxygen, does not appear caprfole of uniting either 
with acids or bases ; it is therefore a neutral compound. But 
the second atom of oxygen cannot be retained by the mangaii- 
*ese with the- same force as the first*atom. 

Sulphuric acid is a compound of one atom of suljihur and 
three atoms of oxygen, 'i’lie oxygen is obviously not neu- 
tralized by t|ie sulphur, for the coinpouiKl possesses povrerful 
acid properties. Ilere then we have two bodies brought into 
contact, con'caining both oxygen in considerable quantity and 
not neutralized by the bases with which it is combined. The 
oxygen in both being highly negatlv^e, it is obvious that the 
atoms of it must repel each other. The volume of the sulphur 
atom being much larger than that of the atom of manganese, 
acts with most energy in retaining its oxygen. The mangan- 
ese combined with two atoms of oxygen is a neutral compound, 
while the protoxide is an alkaline body ; hence, the protoxide 
of manganese (bqing positive) will be attracted by the sul- 
.phuric acid, while tlise second atom of oxygen united to the 
manganese will be repelled by the oxygen in the acid, and 
even by the other atom of oxygen imited to the manganese ; 
it will therefore be expelled and the sulphate of manganese 
formed. * 

It may be asked why fhe same decomposition of black 
oxide of manganese docs not take place when nitric acid is 
poured over it. The reason seems to be, «that the azote, the 
atom Uf which is of the same size with that of oxygen, more 
completely neutralizes the oxygen in the nitric acid ; it does 
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not therefore act with so much energy in repelling the oxygen 
united with the manganese ; but that it acts is evident, because 
when a little sugar is added to the mixture, the second aton^ 

<Sf oxygen in the oxic^ combines witli carbon, and the nitric 
acid immediat«ly*forms a^itrate t>f manganese.^ , ^ 

TheJjurious phenomenon observed by Thenard when^etallic 
oxides are placed in contact with ^utoxide, oi hydrogen, fanrhyd?©.' 
obviously admit of an explanation from the same cause. .When **"• 
a drop of deutoxide of hydfogea is let fall upon oxide of silver, 
oxygen gas is disengaged with such rapidity that a kind of 
explosion takes place. When this happens in a dark place 
there is a sensible disengagement of light; the teroxide of 
manganese, the peroxide of cobalt, the oxides of lead, plati- 
num, palladium, gold, iridium, &c. likewise act with violence 
on this liquid, oxygen gas being diseng£^e(l*with rapidity. In 
these* ^es, the deutoxide of hydrogen loses the half of its 
oxygen and is converted iitto water, while mqst of the oxides 
(though not all of them) are reduced to tl^ metallic state. 

Here we see that the mutual repulsion^etween the pxygen in 
the two compounds, togetli«r with the looSfe state «f combina-. 
tion of half the oxygen in the liquid and in several of the 
oxides, occasions its sudden disengagement. The light emitted 
is probably owing to the suddenness of the disengagement of 
the gas and tlie consequent compression of the air. 

The reason of the disengagement of oxygen froih deutoxide And metau 
of hydrogen, when several metals *in powder are put uito it, 
as silver, platinum, gold, t)smiuin, iridium, rhodium, palladium, 
is probably owing to thb attraction of these bodies for the 
oxygen. This attraction is sufficient to disengage the oxygen ; 
but not to overcome its tendency to assume an elastic form. 

Hence, the oxygen, instead of uniting with tliese metals, flies 
off in the state of gas. 

The electric theory enables us to explain with facility, why a whyq^jinary 
binary compound is decomposed byilhe action of a tJiird body, 

Chlorine decomposes the oxide •f calcium, because when assisted 
Jjy heat it becomes more negative than the oxygen ; it there- 
fore repels the oxygen and attracts the calcium, and these two 
forces acting together are sufficiently strong to expel the 
oxygen from the calcium, and to enable tlie chlorine to take 
its place. If we attempt to decompose the chloride of calcium 
by means of oxygon and heat, it is obvious that we must fail; 
because the chlorine cannot be displaced by a body lessoiega-^ 
tive than itself. But as oxygen is more negative than clilo- 
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rine when not exalted by heat, the decomposition probably 
might be effected at the common temperature of the atmo- 
sphere, were it not for the elasticity of the «oxygen whieli 
prevents it from coming within the requisite distance. 

^When sulphur is heated with a metallic Oxide, it combines 
both with the metal and the oxygen. To* the former^ it acts 
the part of a negative body ; ^o die latter that of a positive. 
The way in which it may act in this double capacity has been 
already explained. And this aVnible p(]^wer in sulphur of uniting 
both with positive and negative bodies, when its energy is suf- 
ficiently exalted by heat, explains the reason why sulphur is 
capable of decomposing all metallic oxides without excejition. 

Chlorine is not capable of decomposing all oxides, though it 
can several. No doubt this depends upon the less degree of 
positive electricity m tlifO bases of these bodies, coinjiared to 
calcium. But if we mix these oxides with charcoal, apd’ after 
heating the mixture, pass a currdiit o^ chlorine over it, tlie 
oxides will be decomposed. Thus if we mix alumina and 
eharcoal, silica and clufi’coal, boracic acid and charcoal, &c. ]>ut 
the mixture^ into a j^orcelain or g\am tube, and after heating it to 
redness, pass a current of dry chlorine gas over it, we shall 
obtain chlorides of aluminum, silicon, and boron. The rationale 
of these de(;pmpositions is sufficiently olpvdous. Carbon, which 
is a strongly posith^e body, will exercise a powerful attraction 
for the oxj^en of these oxides. This attraction, together with 
that of the chlorine, for thef bases of the oxides, is sufficient to 
separate die oxygen and establish tlfe chlorine in its place. 

When a body is applied to a binary compound which is 
capable of combining with both its constituents, it seldom, fails 
to produce a decomposition ; thougli it would not have been 
able to have effected it, had it been capable of uniting only 
with one of the constituents. For examjile, wdien charcoal 
heated to redness is ydaced in contact with steam, it decomposes 
that fluid, though hydrogen being more strongly positive than 
carbon, ought not to be disengeiged from oxygen by that sub- 
stance. The reason of the disengagement is, that the charcoal 
combines both with the oxygen and the hydrogen of the water, 
to the 6ne being positive, and to the other negative. It is 
for the same reason that oxygen is capable of decomposing 
most metallic sulphurets. It combines at once with both of 
the constituents, forming a metallic oxide and sulphurous acid. 

This is the reason why chlorine decomposes all the iodides, 
while oxygen (though more powerfully negative) cannot. 
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Chlorine unites with both of the constituents of the iodide, 
which is not the ea«e with oxygen. 

Suppose thak we have a neutral salt, as for example sulphate Action of 

11 11 , •Vitlsonncu 

of potash, dissolved in and that we add to the solution ajtrai salts, 

quantity of nitiic Scid, we Jiave j\8 means of determining wluit 
takes pliice, l)ecaus<^ no jdienomena indicate whether a^lecom- 
position has been produced •or %io. The probj^bility, is, that 
when an acid is added to a neutral salt more powerfullj^ nega- 
tive than the acid which the saM contains, decomposition will 
take place. Because the new acid will be more powerfully 
attracted by the base, and will repel the old acid. But if the 
whole remains in solution in the water, we can have no evi- 
dence to prove that such a decomposition has taken place. There 
are indeed cases when the decomposition is indicated by a 
change of colour in the liquid. Thus#nitrat^ of copper is W?/e, 
while ennriate of copper is green. If into a blue solution of 
nitrate of copper we |i^ur nturiatic acid, the liq^iid immediately 
liecomes green, indicating by this change of^olour, that tfie 
muriatic acid has displaced the nitric. 

When the acid of the saU hapjiens to bP gaseous or to be • 
volatile and endowed witli a strong smell, either of these cir- 
cumstances will furnish indications o^' decomposition. Suppose 
M"e have a solution of acetate of potiish in water, ^nd that we 
pour into it a quantity of sulpnuric acid, no preeijutation would 
take place, but a strong smc^l of acetic acid woulfl be disen- 
gaged from the acid, affording sitfficient evidence that the 
acetic acid had been disc^igaged, and that the sulphuric acid 
had united with the potaisdi in its place. Suppose the salt dis- 
solved in water to be bicarbonate of soda, and that we pour 
into the solution sul})]iuric or nitric acid, the carbonic acid will 
immediately assume the gaseous state, a strong effervescence 
takes place, and the gas is disengaged. 

When the acid added forms an insolulde ij^ilt with the base 
of the salt in solution, the insoluble#salt will immediately fall < 
to the bottom, and thus show te the eye that the salt has been 
decomposed. Thus if to a solution of nitrate of barytes, we 
add sulphuric acid, sulphate of barytes will precipitate, and free 
nitric acid will remain in the liquid. 

Except when one or other of tli^e indications present them- 
selves, we have no evidence that the 4iew acid has taken the 
place of the old. JJence Berthollet was of opinion that in many 
cases the new acid united to the salt, and formed a khid of^ 
double acid consisting of one base united to two adds. But 
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this opinion seems inconsistent with the whole series of che- 
mical combinations. We very rarely find a tliird body capable 
of uniting with a binary compound, and the electrical theory 
of affinity shows us the reason why. ^But there is no doubt 
th{it an alteration in the tenl5)eratur^ is capaMe ©f reversing the 
nature of tlie decomposition, and the reason of this is pot dif- 
ficult to ^find* j If we afld nitric adid to a hot solution of borax, 
and let the mixtiu-e cool, there will be deposited a quantity of 
crystals of Iwracic acid, Th«s it' appears that nitric acid is 
capable of separating boracic acid from soda, and uniting with 
that alkali in its place. Allow the boracic acid to remain, put 
the whole into a retort and apply heat, the boracic acid redis- 
solves and again combines with the soda, while the nitric acid 
passes into the receiver. Here the fixity of the boracic acid, 
and the volatility 'of nitnic acid at a high temperature, enable 
the boracic acid again to displace the nitric acid, and to form 
borax anew. , 

Double slits. When two neutral saline solutions are mixed together, we 
Would naturally expeclP’that the two salts should unite together 
* and form a«double fialt. This frequently happens, and doubt- 
less in*a much greater number of cases than has hitherto been 
observed. The salts of potash and those of ammonia are par- 
ticularly prqne to form double salts ; th» same observation may 
be made of the saks of lead, copper and alumina. 

Frequeiftly when two salts are ‘mixed they show no tendency 
to unite together. But if 'the mixed saline solution be evapo- 
rated, the two salts crystallize separ&tely. Tliis happens, for 
example, when we mix together solutions of saltpetre and sul- 
phate of soda, or saltpetre and common salt. In such cases the 
two salts are both probably in a neutral state, or the electric 
energies of the acids and bases mutually destroy each other. 

many cases when two salts are mixed they mutually 
decompose^ each qther, and two new salts are produced. Thus 
when sulphate of ammoma and common salt are mixed, and 
heat applied, sal ammoniac sublimes, and sulphate of soda 
remains fixed. This decomposition is owing to tlie fixity of 
one salt and the volatility of the other. Heat is the agent 
that brings it about. If we mix together sal ammoniac and 
carbonate of lime and apply heat, carbonate of ammonia sublimes, 
and muriate of lime remmns. The cause of this decomposition 
also, is the volatility of one of the salts, a»d the fixity of the 
othei'^ and heat is equally the agent of the decomposition. 

When solutions of nitrate of barytes and sulphate of soda 
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are mixed in the rqfluisite proportions, sulpliate of barytes pre- 
cipitates, and nitrate of barytes remains in solution, and may be 
obtained in caystals by evaporating the liquid. In this cas§ 

-Mie decomposition is produced by the insolubility of the sulphate 
of barytes. . ’SimMar decmnpositifns are produced, and fromjthe, 
same c|iuse when we mix together solutions of nitrate of stron- 
tian and carbonate of soda, mtrate hf lime oxalate of 
ammonia, nitrate of lead arjd phosphate of soda, nitrate ©f silver 
and common salt. Tlfe cases «of double decomposition have 
been very well explained by Berthollet, and constitute the 
most satisfactory and unobjectionable part of his Chemical 
Statics. They are all owing either to the volatility or the 
insolubility of one of the salts formed. 

Thus we have gone over the greater number of phenomena 
attending chemical decompositions, wthoiil^ finding any which 
appear^incompatible with the electric theory. There are, how- 
ever, a few which M'e ^anruft at present explaiy in a satisfactory 
manner, owing to the very imperfect investigation of the elec- 
tric theory. Of these I shall mention %nly one. It the steafti Anomaly, 
of water be jiassed over red hot iron it is d^omposad, hydrogen* * 
gas is disengaged, and oxide of iron formed. On tl?e other 
hand, if we heat oxide of iron surrounded with h^'drogen^ gas, 
water is formed, and the oxide reduced to the n^etallic state. 

Tliese two decompositions ajipear to be iiiCTunpatible with each 
otlier. Hydrogen is undouBtedly much more jmsitfve than iron, 
it ought therefore to be able to depnve this last metal of oxygen. 

The reduction of the oxida of iron by means of hydrogen, is what 
we shoidd expect. Wh«?u iron decomposes steam, its tempera- 
ture is raised to redness, and undoubtedly the temperature of 
the steam is mucli lower. Shall we conclude from this that 
heat is capable of exalting the positive electricity of the iron, 
so much as to enable it to surpass tliat of the hydrogen at ^a 
lower temperature? This at least is the ^ only explanation 
which occurs to me as at all approaahing»a satisfactory solution* 
of the difficulty. 

7. Tlie tables which originated with Geoffroy, and which Tabiwofde. 
Bergman improved so much, instead of being called tables of 
affinity, should be considered as merely representing the 'order 
of decomposition. And if the ojder of decomposition were 
regular and unvaried, such tables uiould be of considerable 
utility. Indeed tjjey would constitute a very valuable acqui- 
sition to the young practical chemist. The order of deaompo- 
sition seems to be intimately connected with the electrical stete 
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of the respective bodies. The reason whyi it varies seems to 
be, that the electrical state of a body is stisceptible of vari- 
'S.tion according to the temperature, being exalted by heat 
%.nd depressed by cold. This is the (reason vdiy the tableS 
cof «the electric state of bodies are ijiecessaAly*^ defective. I 
shall, ho^wevf-r, venture to exhibit here a few tables of tlje non- 
metallic Jbodie^, arranging them according to their electrical 
state. ■ A number of the metals might have likewise been 
introduced; but there are so itiany of these bodies still very 
imperfectly examined, that tlie position of most of them would 
be little better than conjectural. The following table exhibits 
the non-metallic bodies in the order of their electricity, begin- 
ing with the most positive, and ending with the most negative. 


Hydroge.i 

Sidphur 

Boron 

Azote 

Silicon 

lodite 

CarboT^ 

Bromine 

Arsenic < 

Chlorine 

Phosphorus 

, Fluorine? 

Selenium 

Oxygen. 


Hydrogen is positive with respect to evfry body. Oxygen is 
negative^wifli respect to every body. Sulphur is jiositive with 
regard to all the substsinces below.it; but negative with respect 
to all the substances above it. The same thing applies to all 
the bodies in the table, each is negative to every body above it, 
and positive to every body below it. , 

The following tables exhibit the bodies with vdiich each of 
these substances is capable of combining, arranged according 
to their greatest electro-negative energy, and therefore in the 
order in which they decompose each otlier. 


1 *- 
Hydrogen. 

2 

13oron. 

3 

Silicon. 

4 

Carbon. 

5 

Arsenic. 

Fluorine 

Fluorine 

Fluorin^ 

Oxygen 

Oxygen 

Chlorine 

Chlorine 

Chlorine 

Chlorine 

Fluorine 

Oxygen 

Oxygen 

Oxygen 

Iodine 

Chlorine 

Bromine 

Iodine 

Sulphur 
Selenium 
Carbon 
Phosphorus 
Arsen? 2 

Azote 

Sulphur 

• 

Sulphur 

1 

Sulphur 

Azote 

Bromine 

Iodine 

Selenium 

'Sulphur 

Phosphorus 
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6 

Phosphorus). 

7 

Selenium^ 

8 

Sulphur. 

9 

Azote. 

10 

Iodine. 

n 

Bromine. 

Oxygen 

Fluorine 

C!lilorine 

Bromine 

Iodine ^ 

Seleniiyn 

Sliljjhur 

Oxygen * 
Chlbrine 
Bromine 
Iodine ^ 
Sulphur 

Oxygen 

Chlorine 

Eyfoinine 

Iodine 

Selenium 

Chlorine 

Iodine 

Oxygen 

Oxygen 

Chlorine 

Bromine 

Chlorine 

Oxygen 


The only substance ijjore* electro-negative than chlorine, is 
oxygen. And as we know no substance more electro-negative 
than oxygen, of course no column under oxygen can be drawn 
up. 

These columns are, several of them, necessarily imperfect, 
from the combinations of the substances standing at the head 
of them l)eing still imperfectly knowni. •Jiut so far as they 
go, they mark tlie order of decomposition. Tims none of the 
substaflces in the fir>^ coliynn is cajiable of separating fluorine 
from hydrogen ; while all of them are capable of separating 
azote from hydrogen. The order of suparati?)n is the position 
in which they stand in the column : ev^ny substance bein^ 
capable of sejmrating all the bodies below it, from tlie sub- 
stance standing at tlie head of tke column; but none of the 
sid)stances ])laced»aboye it. Thus hromhiv is cjqiiible of ♦sepa- 
rating iodine, selenium, suljvhiw, and })hosph|rus, fr<5m hydrogen ; 
but not oxygen, fluorine, oti chlorine. 


E 




PART I. 


OF SIMPLE SUBSTANCES. 


It has been already stated in the Intnodiictibn, that the simple 
substSMices at present known are .53 in number ; of these there 
are five which seem rtJpablb of combining wi|h all the others. 
They are the most electro-negative of all* known bodies. 
Hence, when compounds containing tll^m are decomposed b^ 
galvanism, they always attach themselves the positive pole.’ 
When they combine with a certain portion of the other* simple 
bodies,, they form with them acids^ when with the rest, (hey 
constitute bases or alkaline bodies, capable of uniting wdth and 
neutralizing the acids. ‘ * 

There are a few of the silhple acidifiable bases, that bear a 
considerable resemblance to these five bodies. Thus, sulphur 
possesses the property of •uniting M'ith several simple bodies, 
and of forming with thenf acids. •Thus, it forms an acid with 
hydrogen, arsenic, and antimony, and probably with several 
other bodies ; it is capable also of uniting with several other 
simple bodies, and converting them into bases or alkalies. In 
this way it unites with lead, copper, silver, and various other 
bodies and the sulphur acids and alkali€;i^ are capable of 
uniting with and neutralizing each •thcr* Sulphur therefore 
might, without much impropriety, be arranged along with the 
first five simple bodies ; but its resemblance to the acidifiable 
bases seems still closer. It seems better therefore to arrange 
it along with them ; the same observations apply to selebium 
and tellurium, which are etpially capable of forming acids and 
bases by uniting with certain other simple bodies. 

There is a compound body called cyanogen^ which bears so 
close a resemblance to the first five simple bodies, that wnless 
we were precluded by the knowledge of its being a compound 
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body, it would be requisite to arrange thenytogetlier. Should 
the five first simple bodies ever be ascertained to be compounds, 
(as they probably will be hereafter,) then cyanogen and these 
bodies would be very properly placed together ; at present wtf 
^re, under the necessity of separating them. ® To the first five 
simple bodies I shall apply the epithet, supporters of combus- 
tion, the ^nejet seventeen I shall call acidifiahle bases, and the 
last 31, alkalijiable bases. These three divisions will occupy 
our attention in the three following chapters. 


CHAP. I. 

OF THE SIMPLE SUPPORTERS OF COMBUSTION. 

The simple supporters of combustion at present known, are 
the following five : 

1 Oxygen. 4 Iodine, 

2 Chlorine, 5 Fluorine. 

3 Bromine, 

They act so important a part in chemistry, that the student 
requires to be made acquainted with them as early as possible. 

It is proper to nention, fluorine has never yet been 
obtained in* a separate state, though the experiments of Davy 
and the reasoning of Ampere have rendered its existence very 
probable. We are, however, at present necessarily ignorant 
of its properties. The other four supporters naturally divide 
themselves into two groups; the first group contains only 
oxygen, which differs materially from the other three. It does 
not form an acid with hydrogen, and its electro-negative pro- 
perties are greater than those of any other substance ndiatever. 
Chlorine, bromine, and iodine, the substances which constitute 
the other group, resemble each other very closel)' ; they form 
acids with hydrogen ; they are nositive with re.spect to oxygen, 
combine with it and form acids bearing a very close resem- 
blance to each other. They have the still more curious 
property of combining with the alkalifiable bases, and forming 
with them a set of compounds which possess all the charac- 
ters of neutral salts.* I shall treat of these five supporters in 
their order in the five following sections. 

* Ii. consequence of this property, Berzelius has given them the name of 
tftlt formers, corpora hologenia, saltbUdare, sahbUdar. 
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jTecTION I. OF OXYGEN. 


' levt. I. 


Oxygen is A gaseous substance and constitutes one of tlieii«»covery. 
constituents of atmospHerical air. It was discovered by Dr, 
Priestlfy on tlie* 1st of.Augusf, 1774, and .called by him. 
dephlo^isticated air ; he procured it b^ exposing Verf of 
mercury to the action of a pou’erful burning glass, while en- 
closed in a glass receiver standing inverted over m«cury.* 

Schoele discovered it before 1775, without any prtvious know- 
ledge of what Dr. Priestley had done ; he gave it the name of 
empyreal air.\ Condorcet, who was secretary to the French 
Academy, gave it the name of vital air. Lavoisier first 
imposed the name oxygen, (from a plausible but erroneous 
hypothesis,) and this name very speedUy came into gen- 
eral use. This term was made generally known to the 
publib.when the new Chemical Nomenclature was published 
in 1787 ; and withifl a very few years of that period it was 
generally adopted. 

There are various modes of procuflng oxygen gas. Tlfe Preparation, 
simplest and cliea])est is, tef employ a bottle made <sf hammeretk 
iron by welding, about a quarter ^ an inch thick, rattier flat, 
and capable of holding about an English pint. This lyittle 
has a cylindrical mouth about an inch in diametes, into which 
is ground a piece of an old gun barrel op^n at both extremi- 
ties and about a foot or 18 Inches long. To tlie Extremity of 
this piece of gun barrel, is fitted,® by grinding, the extremity 
of the brass pipe a. Tliis brass pipe is about 5 feet long. 



and it has a moveable joint 6, .•wliidli enables the moutli 
of it to be bent, so that it dfin be introduced into the open 


* Priestley on Air, vol. ii. p. 106. , 

f See Scheele on Air and Fire, passim. He procured the ’oxygen by 
distilling a mixture of sulphuric acid and saltpetre, and by heating the black 
oxide of manganese. Bergman in his Introduction to Scheele’s book, 
dated 13th July, 1777, informs us that the Vork had been ready for publi- 
cation about two years before. It is probable, from this, that Scheele’. 
discovery of oxygen could not be much later than Priestley’s. * 
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Chap. I. mouth c of the gaji holder, previously 

filled with water, o This gas-holder 
is a cylindrical vessel made of tinned 
copper, and ipay be of such a size 
as tw hold 2000 'cubic inches or 
more. Above it there is a vessel d, 
about four* inches deep and of the same 
diameter with the gas-holder, with 

which it commmiicates by means of two 
tubes. The tube e in tlie centre passes 
down almost to the bottom of the gas- 
holder ; but the tube m goes no farther 
tlian its top. Both of these tubes are 
furnished with stopcocks, by means 

of which the communication between 
the upper vessel and the gas-liolder 
may be opened or shut at pleasure. 
There is another tube n, furnished with a stopcock at the 
v-ery top of the gas-1 older. There is also a brass cover 

.which may be scrcA^ed on the mouth c, and when it is oii 

that mouth is effectually closed, so that the gas-holder may 
be filled with water by means of the tubes e and w, pouring 
the water into the upper, open vessel and opening the stop- 
cocks of the tubesi e and m. When the vessel is filletl with 
water, the .stopcocks of the tubes e, 7n, and n, must be 
carefully shut; then the top may be taken off the tube c, 
because from the oblique insertion A>f the tube c, no air can 
get in, and consequently no .water ca^i run out. 

The iron bottle is to be filled with good black oxide of 
manganese* previously ground to powder. The piece of gun 
barrel is to be introduced into the mouth of the bottle and 
n)^e air-tight ; the bottle is then to be introduced horizontally 
into a fire or wind furnace, capable of raising it and keeping 
, it at a red heat. The flexible brass tube is then to be intro- 
duced into the end of the gun barrel and fixed air-tight ; the 
other extremity of it is to be introduced as far as possible into 
the mouth c of the gas-holder, and then the joint b is to be 
screwed jtight so as to keep the tube in one position and to 
prevent any air from escaping by the joint. As soon as the 

* A black mineral substance, to be afterwards described; it is found 
chiefly in Devonshire where it is raised by mining. The annual consump> 
tion of it in Great Britain amounts to about 30,000 tiins, nearly a third of 
which is consumed in Glasgow. 
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manganese begins* to get red hot, it gives off oxygen gas in sect. i. 
abundance, whicl» passes along the tubes and rises to the 
top of the gas-holder, the water running out by the moutlj 
?• in proportion as the oxygen gas enters. If tlie maii- 
g^iese be pifre,* 11 ouyces trdj'^ of it will give one oujice, 
or 13$7 cubic inches of oxygen gas. But iie general, in 
consequence of the impurity of»the mrfnganese^ tl\p produce is 
smaller. 

Those persons wht^ are* nofc supplied with etn iron bottle, 
may procure oxygen gas from the black oxide of manganese 

by the following process. Into the 
glass retort, (figured in the margin,) 
introduce a quantity of black oxide of 
manganese in powder, and pour over it 
as much concenftated sulphuric acid* 

^ as will make the whole into a magna 

of about the consistdhee 6f cream. Plunge^ the beak of the 
retort under the shelf of the water cistejn, on which is 
placed an inverted jar filled with wfiter. The b^ak of tl»e 
retort must terminate under the mouth wf this ^ar. Apply 
the heat of a lamp to the belly of the retort. Oxj^en gas 
is immediately disengaged in grSat quantity. When black 
oxide of manganese «s treated in this way it yftlds at "least 
as much oxygen as by the former method, Init the prt)cess is a 
great deal more tedious. 

Red lead, and likewise red oxide of mercury, yield oxygen 
gas likewise when exposed to a red heat in an iron bottle ; 
but in much smaller quantity. • , 

Oxygen gas obtained from black oxide of manganese How procur. 
(chiefly on account of the impurity of the manganese) is never 
quite pure. But when pure oxygen gas is required, it may 
be obtained from the salt called chlorate of potash,\ This 
salt is to be put into a very small bottle glass retort with 
rather a long beak. The belly of.the j’etort is heated by a 
charcoal fire on a choffer to a dull fed heat, while the beak is 
plunged under water; the salt decrepitates and gives out 
oxygen gas in abundance, which may be received either in 
jars or bottles furnished with ground stoppers. It is perfectly 
pure if care be taken to allow all the common air of the retort 

* For an account of this acid, see the next chapter in the section entit- 
led. Of Sulphur. , 

+ This is a white salt in shining rhomboidal plates, which willjbe de^* 
scribed in a future part of this work. 
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Chap. J. 


Properties, 


Sp. ^avity. 


to be expelled before beginning to collect it. 31 grains of 
chlorate of potash g^ve out when thus treated 12 grains of 
/>xygen. Hence, a troy ounce of the salt will‘'fumish about 
537 cubic inches of oxygen gas. * 

1. Oxygen ,gas is colourless and elastic,” and possesses all 
the meq|ianit»l properties of common air. It has no percepti- 
ble taste,, a»d is destitute of srAell.' 

2. Iti is a little heavier than common air, but chemists are 
not yet agrev^d about its true weight. Ky a set of experiments, 
conducted with as much care as possible, I obtained 1‘1117 
for tlie specific gravity of oxygen gas ; and Dr. Prout demon- 
strated long ago, tliat if air be a mixture of 80 volumes azotic 
and 20 volumes oxygen gas, then the true specific gravity of 
oxygen is 1*1111.* Hence, at the temperature of 60®, 
and when the barOtneter stands at 30 inches, 100 cubic inches 
of oxygen gas weighs 34*60 grains. 

3. Combustible bodies burn with’ much more sj)lendour, and 
give out more h«at and light than when they burn in common 
a(ir. 

r 4. Animals are 'capable of breathing oxygen gas M'ithoiit 
any fe^'Hng of inconvenience, more than when they breath 
common air. An animal confined in a given volume of com- 
mon air, unless that air ba renewed, speedily becomes sensible 

* Annals of Philosophy, vi. 321. Cheimists, in general, consider air as a 
mixture of 79 volumes azotic a^id 21 volumes oxygen gases. But I have 
given a set of experiments which appear to^^me, at least, decisive that the 
true composition is as Dr. Prout has stated. See First Principles of Che- 
mistry, i. 95. Every other experilnenter has made the sp. gravity of oxy- 
gen lower than Fllll. Berzelius and Dulong made a careful set of 
experiments, and state the sp. gravities of oxygen and azotic gas as follows : 
(Ann. de Chim. et de Phys. xv. 386.) 

Oxygen gas, . . 1’1026 

- Azotic gas, . . 0*976 

But it is impossible that these two numbers can be exact. If air be a 
mixture of 2i volumes oxygen ^und 79 volumes azotic gas, and if the above 
numbers be correct, then 

21 X 0^ -t- 7^9 X 0 976_, 

100 " 

If we solve the equation, we get a: = 1*09028; so that the sp. gravity of 
oxygen gas would be still less than Berzelius and Dulong found it. If 
their sp. gravities were correct, and air a mixture of 21 oxygen and 79 
azote, then the sp. gravity of air would not be l,but 1*002586. These 
facts are sufficient to show tKat the results of Berzelius and Dulong cannot 
possibly be accurate. As soon as chemists take thu trouble to re-examine 
* the sub ject, I have no doubt that they will ultimately find that the true sp. 
gravity of oxygen gas is I'l 1 11, as given in the text. 
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of a feeling of sufjocation, and at last dies for want of fresh sect. i. 
air. The same thing happens to an animal confined in oxy- 
gen gas ; bub the same volume of oxygen gas will serve an 
Minimal a much longer lime for breathing than the same volurhe 
of common ai»; about fojir time# as long. ^ ^ ^ 

^ 5. $cheele and Lavoisier who first attempted to analyze 
atmospherical air, concluded from tlfeir experiment that it 
was a mixture of 


27 volumes" oxygen gas 
73 volumes azotic gas 

100 

But the subsequent researches of Mr. Cavendish* demon- 
strated, that the proportions assign 4 ‘d b^* these chemists are 
inaccurate. And that air, supposing it dry, and free from all 
impurities, is a mixture of 

Oxyen gas . . 20*883 
Azotic gas . . 79*166 

_jj 

100 * 

This determination remained for nearly 20 yejfrs unnoticed, 
and not adopted by chemists. It w-as coitfirmed by*the expe- 
riments of llavy, about the beginning of the jiresent century. 
Berthollet also confirmed it while in Egyjit. These experi- 
menters concluded, that atmospherical air is a mixture of 21 oxy- 
gen and 79 azotic gas;* proportions which u'ere confirmed by 
the subsequent experiments of Xlalton and Gay-Lussac and 
Humboldt. 

These proportions differ very little from the result of my 
own experiments. The mean of ten experiments in udiich 1 
removed the oxygen from common air, by means of phospho- 
rus, gave me air, a mixture of 

Oxygen . . 20 

Azotic gas . . 80 


100 

This result was confirmed by ^egomposing common air by 
means of hydrqgen gas. The rdason w*hy experimenters in 


* Phil. Trans- 1783, p. 107. 
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Chap. I. 


Oxides what. 


Discovery. 


general obtain less than 80 per cent, of ^’^otic gas, seems to 
be, tliat a small quantity of this g^ is consiumed during the 
experiment, probably it is converted into ammoR>ia. 

"6. Oxygen is rather a bad refractor .of light. If we reckon 
ihe^ refracting power of air unity, tjien tha’i of oxygen gas, 
*^according to fthe result of the experiments of Dulong, * is 0*324. 

7. When^ subsUuices are burnt in oxygen gas, or in any 
other g^' containing oxygen, if the air be examined after the 
combustion, ;^e shall find tliat s* great part of the oxygen has 
disappeared. If charcoal, for instance, be burnt in oxygen gas, 
there will be found, instcJid of part of the oxygen, another very 
different gas, known by the name of carbonic acid giis. The 
oxygen in this case combines with the combustible body. The 
new compound formed is allied an oxide, or sometimes an acid. 
Exactly the same thing Jakes place when air is respired by 
animals; part of the oxygen gas disappears, and its place is 
occupied by substances possessed of very 'vlifferent properties. 

8. Oxygen ga^ is not sensibly absorbed by water, though 
jarfuls of it be left in contact with that liquid. It lias been 
^ccrtained, l]oweven, that water does in reality absorb a small 
portion of it, though not enough to occasion any perceptible 
diminution in the bulk of the gas. When water is freed from 
all aif by boiling and the a^Jtion of the air-pump, Dr. Henry 
ascertained, t£iat 100 cubic inches of it will imbibe 3*55 inches 
of oxygen gas.t Saussure found that water in the same cir- 
cumstances, absorbs 6*5 cubi« inches of this gas.J But Mr. 
Dalton has rendered it probable that Saussure’s estimate is 
considerably above the truth,§ 

9. The weight of an atom of oxygen in the subsequent part 
of this work will be denoted by 1. A volume of oxygen is 
equivalent to 2 atoms, provided we suppose, as I have done, 
that water is a compound of 1 atom of oxgen, and 1 atom of 
hydrogen. 

SECTION OP CHLORINE. 

This substance was discovered by Mr. Scheele, and an account 
of it published by him in the Memoirs of the Swedish Academy 
of Sciences, for 1774, in his celebrated paper on Manganese, 
which had* occupied him for three years. || He gave it the 

* Ann. de Chini. et de Phys. 166. 

f Phil. Trans. 1803, p. 174. t Annals of Phiiosophy, vi. 340. 

^ Ann 5 »^s of Philosophy, vii. 218. 

II Memoires de Chymie de M. C. W. Scheele, i. 67. 
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name of dephlogist^ated muriatic acid, considering it as muri- sect. ii. 
atic acid deprived of phlogiston. Berthollet made a set of 
experiments pn it, about the year 1785, which were published 
4n the Memoirs of the J^rench Academy of Sciences. He con- 
sidered himstdf t« have proved tlwt it is a compound of muriatic 
acid aftd oxygen ; an opmion which was soon Sfter adopted 
the chemical world in general.* On tliat accoimt it*received 
the name of oxygenized muriatic acid, which* was afterwards 
contracted by Mr. Kiwvait to q/cymuriatic acid. ^ The experi- 
ments of Scheele and Berthollet were repeated and varied by 
all the eminent chemists of the time. But the first great addi- 
tion to the discoveries of these philosophers was made by Gay- 
Lussac and Thenard, and published by them in 1811, in the 
second volume of the Itecherches Physico-chimique, p. 94* 

They showed that the opinion that pxynnp-iatic acid contains 
no cpcj^gen might be supported. But at the same time assigned 
their resisons for cor^iderkig the old opinion as well founded. 

An abstract of these important experiments Had been published 
however in 1809.* These experiments drew the attention ^of 
Sir Humphry Davy to th§ subject, and l^^* soon after commu- 
nicated a paper to the Royal Society to show that no* oxygen 
gas could be separated from oxytnuriatic acid, nor any proof 
produced that it 6ontiiined oxygen.^ This paper was published 
in the Philosophical Transactions for 181€fc.f It was speedily 
followed by another paper upon the stune subject. J He drew as 
a conclusion that oxymuriatic aci4 is an undecompounded sub- 
stance ; on tliat account Jie applied to it the new name chlorine, 
from the green colour which i<i j^)ossesses.§ And this name 
has been generally adopted by chemists. Few chemists were 
disposed at first to accede to the opinion of Davy. But sub- 
sequent discoveries have greatly augmented the weight of his 
reasoning, and, at present, his view of the subject is, I believe, 
universally adopted. 

It may be obtiiined by the following ^ method. • Put into a PrcpJJation. 
small glass retort a quantity ^f the' black oxide of mangtinese* 
in powder, and pour over it as much of the common muriatic 
acid of the shops as will make the whole into a very thin paste. 

Then plunge the beak of the retort into the water trough, and 
place over it a stout glass phial capable of holding about a 

% 

•f P. 231. 

§ From xXwgflf, grass green. 


* Memoires d’Arcpeil, ii. 295. 
1 Phil. Trans. 181 1, p. 1. 
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Chap. 1. 


I^ropcrtics. 


Sp. gravity. 


quart, previously filled with water. Apply, the heat of a lamp 
to the bottom of the retort. A gas is extricated which enters 
into the mouth of tlie inverted phial, displaces tlie water and 
filb it. As soon as the phial is full it ij^ to be withdrawn and 
its mouth carefully stopped »,vith a glass stopper, accurately 
ground so as to fit, and which must be previously provided. 
Other phials may be then substituted and filled in succession, 
till the requisite quantity of gas is obtained. 

Manufactip’crs prepare it by, mixing together common salt, 
black oxide of manganese, and snlpliuric acid diluted with 
water. If the manganese be perfectly pure teroxide, the pro- 
portions of these substances to be emj)loyed are as follows : 
Common salt . . . 7'5 

Teroxide of manganese . 5’ 5 

Sulphjuic acgd (sp. gr. 1'8«37) 12‘i25 
The acid should be previously diluted with its own weigljit of 
water. The mixture is put into leaden stills enclosed in iron. 
The acid should be added in small quantities at a time. At 
fiijst the chlorine comes without any heat. After it ceases 
to be disengaged, thp still should be^heated by means of steam, 
and the ^contents of it should be frequently stirred to prevent 
the manganese from falling vo the bottom, which would retard 
or st6p altog«.ther the extrication of the qjilorine. 

The extrication of the chlorine might be accomplished, though 
only half the sulphuric acid abovcwStated were emjdoyed; but 
in that ease the vessels would be much more injured. It is 
found on that account more economical to use a superabundance 
of sulphuric acid. Manufacturers know how to prevent this 
excess of acid from being lost. 

Chlorine thus prepared, possesses the following properties. 

1. It has a yellowish green colour. 'Fhe consequence of 
which is, that a phial filled with it has the appearance of being 
filled with a transparent y^ellovdsh green vapour. Its smell is 
strong and saffocafmg, similar to that of aqua regia. When 

*a person is obliged to inspire the fumes of chlorine, it produces 
a most insufferable sensation of suffocation, occasions a violent 
cough with much expectoration, which continues for^some time, 
and bidngs on a very great degree of debility. Its taste is 
astringent. Thus it is distinguished from oxygen gas by its 
•colour, taste, and smell. ' 

2. Its specific gpravity was at first stated too low, obviously 
because the specimen examined had not been quite free from 
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all admixture of cc^nmon air. Davy stated it to be 2*392.* 

But in his Elemenfc of Chemical Philosophy, published in 1812, ' 

he says, that 100 cubic inches of it weigh between 76 and 
§rains.f If we take tlse mean of these two numbers, the spe- 
cific gravity will be 2*45§8. G^-Lussac and jThenard deter-, 
mined Jhe specific gravity of this gas to be 2*4'?00.:^ They 
ascertained the purity of th^ gaS empldyed by gauging it to be 
absorbed by caustic potash, after having proved that*it con- 
tained no carbonic acid? Nothing is said in thes»experiments 
about drying the gas. If it contained vapour of water, it is 
obvious that the numbers given would be below the truth. A 
careful set of experiments, made in my laboratory, gave the 
specific gravity 2*5. This was the specific gravity already 
deduced by Dr. Prout, from theoretical considerations. I have 
no doubt that it is the true gravity ofcchlorme gas. 

3. •It refracts light very powcrfidly. According to Dulong, 
if we reckon the refr#etin^ power of air 1, thjt of chlorine will 
be 2'6*28.§ 

4. When any vegetable blue colour^s exposed ti^ the actiom Destroy* 
of chlorine, it is immediately destroyed, ai»l canneat afterwards * 
be restored by any method whatever. Indeed chlorfhe pos- 
sesses the property of destroying* all vegetable colours,^ and 

of rendering coloured bodies white.# This prop^ty was first 
observed by Scheele. The knowledge ^f it indilced Ber- 
tliollet to propose the introduction of chlorine into the practice 
of bleaching. This suggestion has been successfully adopted 
in Great Britain and Irehuid. At present all the great bleach- 
ing works, in this couiftry, emj4oy chlorine as the grand 
whitening agent. For the first introduction of it we are 
indebted to Mr. Watt.|| 

The process followed is to combine unslacked quicklime and Bleaching 

* X powdcr« 

chlorine, by leaving them for a sufficient time in contact. UTie 
compound thus formed is usually called bleqfhinff powder. It 
is a chloride of lime. At first it coiisisted of two atoms of lime 
united to one atom of chloriin^ Biit now it is manufactured 
^n Glasgow so strong, as to be a compound of one atom of 

* He states in his researches on oxy-muriatic acid, (Phil. Tr|ins« 1810), 
that 100 cubic inches of it, under the mean pressure and temperature weigh 
74’3 grains. 

t P. 236. 

t Recherches Phyaico-Chimique, ii. 125. 

5 Ann. de Chim. et de Phys. xxxi. 166. 

II See Annals of Philosophy, viii. 1. 
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chlorine and one of lime. This powder is, dissolved in water. 
The cloth is first boiled in an alkaline ley, aftd the temperature 
,is raised somewhat higher than that of boilingt water. It is 
t£en, after being washed, steeped in the solution of chloridS 
c of lime. If thp bleaching b^ not copipleted ‘byHiliis first pro- 
cess, it ^ again repeated. Cotton is much more easily bjeached 
than lin^, by tliis prodtess. 

5. If a lighted taper be plunged into a phial filled with 
chlorine gas, it continues to brrn with 'U low red flame, emit- 
ting much smoke, but giving out but little light. If a piece 
of phosphorus be put into this gas it takes fire of its own accord, 
burning with a pale yellowish green light. Antimony, like- 
wise, arsenic, zinc, iron, and several other metals, take lire of 
their own accord when plunged into chlorine, and burn with 
considerable splendour. During all these cases of combustion 
the quantity of chlorine diminishes, and if the portion of- com- 
bustible be suflScient, the gas disiippeavs altogether. The 
combustible is totally altered in its appearance and converted 
into a new substance, v*hich has received the name of chloride. 
.This chloride is a compound of the combustible substance and 
the chlorine. 

6* If an animal be plunged in an atmosphere of chlorine, so 
as to be obliged to breathe it in a pure state, it dies almost 
instantly. This g*is then is incapable of supporting animal 
life. In this respect it differs entirely from oxygen gas. 

7. When this gas is exposed to a pressure of about four 
atmospheres, and at the same time cooled, it is condensed into 
a liquid, as was first discovered by' Mr. Faraday.* Liquid 
chlorine is a limpid yellow coloured fluid, exceedingly volatile. 
When the pressure is removed it is very rapidly dissipated, and 
with considerable violence. W^hen cooled down to 0°, before 
taking off the pressure, it produces so much cold by evaporating, 
that a portion reniains fluid, even at the common pressure of 
the air. The temperatur- in this case must be below — 40°. 
For Davy showed that chlorine gas does not liquefy at 
— 40°. The specific gravity of liquid chlorine is very nearly 
1*33. Its refracting power is a little less than that of water. 
It is a non-conductor of electricity. 

8. Water absorbs this gas with considerable rapidity, pro- 
vided the gas be pure; but much more slowly when it is mixed 
with air or any other foreign gas. According to the experi- 


♦ Phil. Trans. 182.3, p. 160. 
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ments of Dalton, on^ volume of water at the ordinary tempera- 
ture, and under th« common pressure, absorbs two volumes of 
chlorine gas.* . The water acquires the greenish yellow colour,, 
the disagreeable smell, tbe astringent taste, and the whitening 
qualities of thckgas itself. ^ 

Whdh this liquid is kept for some time in a tenfperqj;ure as DMt.h^drat<> 
low as 36°, crystals in plates* of «, strong yellow^cojouj appear 
in it. These crystals are more readily obtained, if a little 
water be put into a phial filled ujith chlorine gas, a«d the whole 
left for some time at a temperature of 33° or 34°. Tliese crys- 
tals had been observed soon after the discovery of chlorine gas. 

But it was Davy who first ascertained them to be a compound 
of chlorine and water. The crystallization goes on best in a 
dark place. The crystals are sometimes long needles; some- 
times they appear octahedrons, or, at Jeast,* exhibit octahedral 
faces. • When the phial is exposed to the light, the crystals 
attach themselves to the side next the windou^ as is the case 
with camphor. The specific gravity of these crystals at 32°, 
as determined by Mr. Faraday, is These crystals acfr 

upon different substances, nearly as chloitne gas. would do. 

When they are thrown into alcohol, the temperature rises 
8 or 10 degrees, a pretty violent fiction takes place, chl|»ric 
ether and muriatic ’acid, are formed, and likewise a |mall quan- 
tity of a triple compound of chlorine, carb&n, and hydrogen. 

This hydrated chlorine was 'analyzed by Mr. Faraday, who 
found it a compound of 

Chlorme . . 27"7 
Water* . 72-3 

lOOf 

Now it will appear afterwards that the atom of chlorine weighs 
4*5, and the atom of water 1*125. If we consider the chlorine, 
in the compound, as constituting 1 atom, thejf the water is a 
little more than ten atoms: for 27*i; : '3i2*3 : : 4*t5 : 11*746. 

Now ten atoms of water weigh .11*25. The 0*496 of excess 
i^ not so much as half an atom. And doubtless it existed 
mechanically lodged between th,e plates of the crystals. These 
crystals then constitute a deci-hydrate of chlorine:}: composed of 

* Dalton’s New System of Chemistry, ii.*393. 

t Royal Institution Journal, xv. 71. • 

t I express the numl\pr of atoms of the substance which acts the part of 
an acid in a compound by prefixing the Latin numerals j and the number of 
atoms of the base, by prefixing the Greek numerals. 
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^9. When chlorine in canbination with <any other body is 
exposed to <:he action of the galvanic battery, the compound is 
decomposed and the chlorine is deposited at the positive pole, 
while the other substance is deposited at the negative pole. 
The only e,rception to this ride is whsn chlorine and oxygen 
are in combination ; in such a case the oxygen is given oiF at 
the positive pole, and the chlorine at the negative pole. At 
high temperatures chlorine displaces oxygen from its com- 
bination with several of the metals and unites with them 
itself. 

10. Chlorine gas may be exposed to a very high temperature 
by passing it through a white hot porcelain tube, without; expe- 
riencing any change. 

11. Chlorine, has the property of combining with oxygen, 
end of forming four distinct substances, w'hich have been par- 

r ticularly examined^ We cannot fyrm the combination directly. 
All tl/Cse compounds are obtained by means of a ^alt first pre- 
pared and described by Berthollet. It was long distinguished 
by the nanfe of hyperoarymuriate of potcisJi,' si name which has 
been changed int4 chlorate of jjotash. It is obtained by dis- 
solving a quantity of the common potash of the shops in W’ater, 
and causing a current of chlorine gas to pass through the solu- 
tion as long as it continues to be absorbed. After some time 
flat rhomboidal crystals possessing considerable lustre are depo- 
sited; these crystals constitute the salt in question. Let us 
explain the way in which the different compounds of oxygen 
and chlorine may be obtained from it. 

I (1.) When this salt is put into a small glass flask and muri- 
atic acid j)oure(| over it, an effervescenee takes })lace and a 
greenish yellow gas is ey.tricated in abimdance. If the muri- 
atic acid be diluted with watej^ and the quantity of salt with 
which it is mixed be considerable in proportion to that of the 
acid, and if a very gentle heat only be employed, a gas is 
extricated very slowly, which may be received in small glass 
jars standing over mercury. After the gas has been prepared 
in this manner, it is better to allow it to remain for 24 hours 
in contact with the mercury. For, as o:jjginally prepared, it 
always contains a good deal of chlorine gas mixed with it, 
which disguises and greatly injures its properties. Mercury 
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kas the property of jibsorbing and uniting with chlorine, while ^ 

it does not act upon«the hew gas. It therefore gradually removes 
the chlorine, and leaves the new gas in a state of purity. 

• The new gas prepared in the way just described was dis- 
covered, in lWl,*by Sii^ Humjlliry Davy, who gave it tlie, 
name o( emhlorine.* But it will be better to distinguish it 
by* the appellation of protoxide t)f chJofine, ind^Jating^ by that 
name, that it is a compound of clilorine with the smallest 
quantity of oxygen witll wliich k is capable of combining. It 
possesses the following properties. 

Its colour is much more intense and more yellow than that Properties, 
of chlorine. When contained in a small glass tube it still 
a])pears of a very lively yellow, whereas chlorine, in the same 
circumstances, would scarcely be visible. 

Its smell resembles that of burnt •sugar? mixed, however, 
with tjie odour of chlorine. In all probability this last odour 
is ovijiig to the presence of*a small portion o^ this gas. For 
it is extremely difficult to free it completely fiiom chlorine. 

When a moderate heat is applied fb a vessel filled witH 
protoxide of chlorine, an explosion takes plfice, and the gas is* 
decomposed wito a mixture of chlorine and oxygen gas. \ very 
gentle heat is sufficient to produce this decomposition, sq|no- 
times even the heat of«the hand will do it. The explosion is 
but feeble. According to the experiments of l)avy, five volumes 
of protoxide of chlorine becoflie six when decomposed, and the 
decomposed gas is a mixture of volumes of chlorine, and 
one volume of oxygen. -j- •Hence it is composed by weight of composition. 
Chlorine . . *5*000 •x 81*82 4*50 

Oxygen . . 1*111 18*18 1*00 


100*00 

Now if we make 1*00 represent the weight of an atom oi 
oxygen, the atoms of chlorine will be 4*5. ^o that protoxide 
of chlorine is a compound of one atom, of chlorine ancl one atom 
of oxygen. 

h rom the preceding data it follows that the specific gravity 
of protoxide of chlorine is 2*444, supposing the specific gravity 
of air to be l.:|; 

This gas destroys vegetable colours, as well as chlorine ; 
but it first gives blue colours a tint of sed. 

* ^^^* t Ibid. P..157. 

I K Harvey at my request tried the specific gravity of this gas ft my 
a oratory. He obtained 2*400, which I consider as a good approximation. 

I* F 
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Several substances, as phosphorus, take, fire when they come 
in contact with protoxide of chlorine, and occasion an explosion. 

Water absorbs eight times its volume of this gas and acquires 
^an orsmge colour, and the peculiar smell of the gas. 

*(2.) The quadroxide of^fchlorine was diScoiered abmit the 
same t^me by Sir Humphry Davy and Count Von Stadion^ of 
Vienna,: b>it .Davy’s iSiccounf of* it was published sooner than 
that of Count Von Stadion.* The method of obtaining it is 
as follows : 'mix together a small 'qusfotity (not more than 50 
grains) of chlorate of potash in powder with sulphuric acid, 
till the whole forms a dry paste, which will have an orange 
colour. Put this paste into a small glass retort, and plunge 
the belly of the retort into hot water, and keep it in that position 
for some time, taking care that the temperature of the water 
never becomes sb high as 212®. A bright yellowish green 
g^s separates from the paste, which must be received ir small 
glass jars standing over mercury*. This gas constitutes the 
deutoxide of chlorine. It possesses the following properties. 

' Its cojour is a stiH brighter yellowish green than that of 
'protoxide of chlorLie. Its smell is peculiar and aromatic, with- 
out ariy mixture of the smell of chlorine. Watea* absorbs, at 
least, seven times its volume of this gas. The solution is deep 
yellow, an^ has an astringent and corrosfve taste, leaving a 
disagreeble and Ipfeting impression on the tongue. It destroys 
moist vegetable blues without prbviously reddening them. It 
does not act upon mercury, nor upon any of the combustible 
substances, tried by Davy, except*- phosphorus; which, when 
introduced into the occasions an explosion, and burns with 

great brilliancy. 

When heated to the temperature of 212® it explodes with 
more violence than protoxide of chlorine, giving out much 
Jight. Two volumes of quadroxide of chlorine when thus 
exploded are converted into three volumes, consisting of a 
mixture of two volume? of oxygen and one volume of chlo- 
rine.f Hence it is composed, by weight of 

Chlorine . . 2*5 4*50 

Oxygen . . 2*222 4*00 

Now aS the weight of an atom of chlorine was represented by 

• Davy’s account is publi^ed in the Philosophic^ Transactions for 1815, 
p. 214, Count Von Stadion!s in Gilbert’s Annalen der Physick, lii. 179, 
published in February, 1816. 

ttDavy, Phil. Trans. 1815, p. 216, and Gay-Lussac, Ann. de Chim. et 
Phys. i. 220. 
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4-5, and that of ap atom of oxygen by one, we see from the «ect n. 
last column of th^pfeceding table that the deutoxide of chlo- 
rine is composed of one atom of chlorine combined with fotw 
htoms of oxygen.* 

From the JireCeding dpta it i^obvious that the specific gran 
vity o£ quadroxide of chlorine must be 2*361, suppoging that 
of common air to be 1*000.* 

(3.) The third compound of chlorine and oxygen is called 
chloric acid. It was first obtained in a separate state by M. 
Gay-Lussac. It is the acid which exists in chlorate of potash. 

His method of obtaining it in a separate state was as follows : 
he prepared chlorate of barytes by the method pointed out by 
Mr. Chenevix, which will be described in a subsequent part of 
this work. This salt was dissolved in water, and dilute sul- 
phuric acid cautiously added to it a» long* as any precipitate 
continued to fall. By this method all the liarytes w’as removed 
from tlie liquid withdht adding any excess of fulphuric acid, so 
that on filtering nothing remained but chloric acid held in 
solution by the water. This acid possesses the following prd- 
perties.f 

It has no sensible smell. Its solution in water is colourless, Propertiet, 
and it reddens vegetable blues without destroying them. l|ight 
does not decompose it. It may he concentratecC by a gentle 
heat without undergoing decomposition? And withoiit being 
volatilized along with the w&ter. When concentrated it has 
somewhat of an oily consistency.* WTxen heated it is partly 
decomposed into chlorinC and oxygen, and partly volatilized 
without alteration. Mufiatic acW decomposes it in the same 
manner without the necessity of applying heat. It combines 
with the different bases and forms the genus of salts called 
chlorates^ to be described in a subsequent part of this work. 

When 100 parts of dry chlorate of potash are exposed to a 
red heat in a retort, a quantity of oxygen ^as is driven off, 
which weighs 38-88 parts.J The» residue weigfiing 61-12 

* According to Count Von Stadion^ its constituents are two volumes 
Dionne and three volumes oxygen. This would make it a compound of 
one atom chlorine and three atoms oxygen. But the properties of the sub- 
stance described by the Count differ so much from those of the gas^exdbiined 
by Davy, that it is probable they are distinct substances. The reader will 
find an account of the properties of the deiftoxide of chlorine of Count Von 
btradion in the Annals of Philosophy, vol. i]^* p. 22^. 

f Gay-Lussac, Annals of Philosophy^ vi. 129. 

t Berzelius in a late experiment oblairnd 39*15 gr. of oxygen, ^bich 
almost coincides with the number in the text. 
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4. Perchloric 
acid. 


Properties, 


parts, is a compound of 32* * * § 196 of potassipm and 28*924 of 
chlorine.* But 32*196 of potassium requiifC, in order to be 
converted into potash (in which state they existed in the salt), 
6*576 of the oxygen. There remain 351*304 of oxygen, which 
must have beep combined v^th 28*924 of tehltrine, and this 
compound must have constituted chloric acid. According to 
this statemept chloric atid is composed of 

' Chlorine . . 28*924 4*.50 

CTxygen . 32*304 ,5*02 

We see from the last column that it is a compound of one 
atom of chlorine and five atoms of oxygen. For the weight 
of an atom of chlorine is 4*5, and that of an atom of oxygen 
one.f 

(4.) The fourth. compound of chlorine and oxygen is like- 
wise an acid. We may distinguish it by the name of per- 
chloric acid. It was discovered by Coupt Von Stadion, and 
may be obfeunedjn the following martner. 

, When the quadroxide of chlorine is extricated from a mix- 
ture of sulphuric aoid and chlorate of potash, a peculiar salt 
is formed which remains behind in the retort. We obtain 
this salt best when we use three or fonr grains of strong sul- 
phuric acid ^or every grqin of chlorate^ of •potash employed. 
After the first violent action of the acid is at an end, heat is 
to be applied and continued till tl^ yellow colour of the mass 
disappear. The salt formejl in this way is mixed w’ith bisul- 
phate of potash,:|; which may be separated by a second crys- 
tallization. The purified sal^^ possesses the following properties. 

It is quite neutral, || it is not altered by exposure to the air, 
and has a weak taste similar to that of muriate of potash.§ 
It dissolves in considerable quantity in boiling water; but 
water of the temperature 60°, dissolves only weight 

of it. In alcohol it is quite insoluble. Its crystals are 

* That this is the case will be shown in a subsequent part of this work. 
The evidence would not be understood here, if it were given. 

•j* Sir H. Davy considers chloric acid as a compound of one atom chlorin ’ 
and six atoms oxygen. The reason is, that he believes the potash to exist 
in the' sale in the state of potassium, and therefore adds the other atom of 
oxygen, which we have supposed in the text to be united to the potassium, 
to the chlorine. ' 

i A salt which will be described in a subsequent part of this work. 

II That is to say, it does not affect the colour of f-egetable blues. 

§ ftr chloride of potassium, a substance to be described in a subsequent 
part of this work. 
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elongated octaliedr<*ns similar to the primitive form of sulphate of 
lead, and resembWhg the variety which has two prismatic faces 
between the pyramid.* It detonates feebly when triturated ii^ 
a mortar with sulphur.* When heated to the temperature of 
412° it is decoUnpllsed and.converftd into chlori(^ of potassiivn^x 
and oxygen gas. When it is mixed with its o^tn \^eight of 
sulphuric acid and exposed ^o if heat <Jf 280° ^ a report, it is 
decomposed, and the acid which it contains, may be distilled 
over. The acid may likewise he formed artificialy by expos- 
ing quadroxide of chlorine to voltaic electricity in an apparatus 
constructed with platinum wires. According to the experi- 
ments of Count Von Stadion, when this salt is exposed to heat 
it yields 45'92 parts of oxygen gas, and. there remain 54.08 
parts of chloride of potassium. Now 54*08 of chloride of pot- 
assium are composed of 

Potassium . . 28*49 

Chlorftie . . 25*^9 


54*08 

But 28*49 parts of potassium require 5*819 parts of oxygen in 
order to be converted into potash* There remain 40*1 parts 
of oxygen. According to this result perchloric .acid is Com- 
posed of * * 

Chlorine . . 25*59 4*500 

Oxygen . . , 40*1 7*012 

Hence it appears that this acid is a compound of one atom of 
chlorine and seven atoms of oxj^en.J The experiments of 
Count Von Stadion have been confirmed by those of Davy. 

Thus it appears that the four compounds of chlorine and 
oxygen arc composed as follows. 

Chlorine. Oxygen. 

1. Protoxide of chlorine 1 atom + 1 atom 

2. Quadroxide of chlorine ^ 4 • 

3. Chloric acid . 1 .p 5 

4. Perchloric acid . 1 +7 

But if we were to take Count Von Stadion’s analysis of quad- 
roxide of chlorine as exact, it would be a compound of one 
atom chlorine with three atoms oxygen ; and in that case all 

* This variety is called plomb sulphate sem\prttm^ by Hauy, and is figured 
by him in his 69th pla*e, figure 73, 

■j" A combination of chlorine and potassium. 

\ Gilbert’s Annalcn der Physick. lii. 213. 
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the compounds would consist of «n atom r of chlomm united 
with an odd number of atoms of oxygen. • 

, 12. A volume of chlorine may be consideredms equivalent 
to‘ an atom, while a volume of oxygrn gas is equivalent W 
4WQ atoms. lienee, if a body be a qompountl of two volumes 
chlorine and one volume oxygen, we know that it consists of 
one atom cldorine and »ne atom oxygen. 

SECTION III.— OF nRO.MINE. 

This substance was discovered by M. Balard of Montpelier, 
who investigated its properties and made it known to the public 
by a memoir, which was read to the Royal Academy of Sciences 
of Paris, on the 3d of July, 1826. This memoir was so com- 
plete and so accurate, that little was left for the future investi- 
gation of chemists." A few additional facts have been since 
added by Liebig, Serullas, and Berzelius. 

It was obtained by him from the .motliA>r water of the brine 
springs in the ifeighbourhood of Montpelier; and there are 
strong reasons for believing it to be a constituent of brine 
springs in general,, .and to exist also in sea water. Liebig 
found it in some of the salt springs in Germany,* and Mr. 
Graliam extracted it from l&e spirit of salt\ of the Saltcoats 
salt Works, obtained by ev/iporating the §ea ■ft’^ater in the I'rith 
of Clyde,! 'i 

In this mother ley bromine seems to exist in the state of 
bromide of magnesium. Balard’s process for extracting it is as 
follows. 

A current of cldorine gas ,is passed, through the liquid, till it 
acquires a brown colour. Care must be taken not to add too 
much chlorine, otherwise the product of bromine will be dimin- 
ished. The chlorine displaces tlie bromine, sets it at liberty, 
and unites with the magnesium in its place. A quantity of 
sulphuric ether is now poured on the liquid in a phial, taking 
care that the phiai is comnletely filled with liquid. The tw’^o 
liquids being well mixed by agitation, are left for a little in a 
state of rest. The ether soon swims on the top. It has dis- 
solved the whole of the bromine, and acquired a beautiful 
hyacipth red colour. The mother water, by this agitation, has 
lost the peculiar smell of bromine, which distinguished it before, 

* Ann. de Chim. et de Phys. xxxiii. 3S1. 

•j- Sjnrit of salt is the name ^ven in Scotland to adiquid that drops from 
salt fbipned by evaporating sea Water to dryness. It is chiefly a strong 
solution of sulphate of magnesia and chloride of magnesium. 
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and acquired the si^ell of ether. The ether is now agitated in, 
with a strong solution of caustic potash. It loses its peculiar 
colour and snsell, and the potash, being agitated with succes- 
iSve portions of ether thps impregnated with bromine, graduaU;^ 
loses its alkaiin# propejties, a*d is changed into a salinti 
matter 'which crystallizes in cubes.* These cubes are reduced* 
to* powder, mixed with purified teroxids of manganesef and put 
into a small retort, the beak of which plunges fiito a*guantity 
of water with which tl»e ret*eiv%r is nearly filled. | A quantity 
of sulphuric acid, diluted with its own wei^t of water, is 
poured upon the mixture of bromide of potassium and black 
oxide of manganese, and heat is applied. Red vapours rise, 
which condense in drops on the beak of the retort, and fall to 
the bottom of the receiver. The bromine wliieh passes over 
in the state of vapoiur dissolves in ^he i^ter; but the drops 
remain at the bottom, and gradually collect into a dark red 
liquid. At the end mf th« process the water is removed, and 
the bromine is obtained free from water, distilling it off ' 
chloride of calcium.f ^ 

1. Bromine J thus obtained is liquid of ^brownish’red colour Prop«*ic«. 

so intense that it appears opaque; but when made t» trickle 
down the sides of the glass, it appears transparent, and has a 
hyacinth red colour. , , * 

2. Its smell is very disagreeable, and hs^ some' resemblance 

to that of protoxide of chlorine; but is stronger and more suf- 
focating. , 

3. Its taste is sharp ajid strong, and when taken internally, 
even in small quantities^ it acts a violent poison. A single 
drop of it put into the bill of a bird caused instant death. 

4. It acts with energy upon organic bodies, wood, cork, &c., 
and particularly upon the human epidermis, which it corrodes, 
giving it a yellow tinge. This colour disappears after a few 
hours ; ^ but if the bromine be allowed to remain in contact ^r 
a certain time, the colour does not disappear till the epidermis 
be renewed. 

5. Its specific gravity is 2'96. 

6. It remains liquid at zero ; but according to M. SeruUas, 

* Ihese cubes are bromide of potassiumm.^ 

Balard, Ann. de Chim. et de Phys, «xxii, 342. 

J M. Balard called it at first murine^ but •he was induced to give it the 
name of 6rowiw<? (frogi /(rtidtis) at the suggestion of MM. Vauque- 

^ Gay-Lussac. See Ann. de Chim. et de Phys. xxxii. 38f, 

and ibid, xxxiii, 223. • 
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when cooled down to — 4®, it becomes sol^ all at once, and 
becomes quite brittle. • 

^ 7. It is exceedingly volatile — a single drop •put into any 
v^sel, immediately fills it with a vapouv, exactly similar to tlid 
^ppur given out by fuming »itric ac^d. It boils when heated 
to the temperature of 1 No experiments have beeji made 
to determine the specifks gravity irf its vapour ; but from the 
low teiyperature at which it boils, this specific gravity is 
undoubtedly Jiigh.* The vapeur 6f bfomine may be passed 
through a red hftt tube without experiencing any alteration. 

8. It is a non-conductor of electricity. A voltaic battery 
which was decomposing water very well, when the wires from the 
two poles were plunged into the liquid ceased to act, when a 
column of bromine, about three lines thick, was interposed. 
Nor is bromine deceftapos^d, or in the least altered by the action 
of voltaic electricity. But the experiments of M. de la Jlive 
have shown, that water holding bromine inrsolution, is an excel- 
lent conductor ofjelectricity.f 

,9. When a burning taper is plunged into the vapour of bro- 
neine it is extinguished; but it burjis for some instants with a 
flame gi«en at the base and red at the upper part, as happens 
when^it is plunged into chlflriiie gas. But wdien the metals 
come* in contact with this vapour, a brilliant Combustion is the 
consequence. This^ at least, is the case with iron. Arsenic, 
also, and antimony, burn brilliantlj’»when they come in contact 
with bromine.J W^hen phosphorus is dropt into bromine, a 
violent detonation takes place. Thus^ it appears, that bromine 
supports combustion almost a^ well astchlorine. 

10. Bromine destroys vegetable colours almost as powerfully 
as chlorine itself. Kven the solution of indigo in sulphuric 
acid is immediately discoloured by it. 

^11. Bromine dissolves, though only in small quantity, in 
water. The solution has a yellow colour. It is more soluble 
in alcohol, ahd much /nor^ so in sulphuric ether. Olive oil 
acts on it slowly. It is scarcely,solublc in sulphuric acid. 

12. When bromine is dropt into a solution of starch, it gives^ 
it a fine orange colour. Starch then may be employed as a 
pretty •delicate reagent to detect tlie presence of bromine. 

* I have shown {First Principl€S,\. 244) that the specific grpity of iodine 
'vapour is obtained by multiplying its atomic weight by 0‘555. The same 
should hold with vapour of bromide. If so, its specific gravity will be 

45555. • 

■f AiA. de Chim. et de Phys. xxxv. 160. 

j Serullas, Ann. de Chim. et de Phys. xxxviii. 318. 
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13. The atomic y^eight of bromine can only be determined 
by analyzing the <* * * § )mpounds into which it enters. * We have ” 
three series oft experiments made on purpose to determine thi% 

point. , 

(1.) Balard!*deeompose^ hromite of potassiur^* by mean% 
sulphuric acid, and he concluded from his analysis that ^ atom 
o/ bromine weighs 9*326.f 

(2.) Liebig decomposed 2*521 parts of bromiJe of potassium 
by means of nitrate of HilveV. He obtained 4*041^arts of bro- 
mide of silver. From this he concludes, that the atom of bro- 
mine weighs 9*41 l.J 

(3.) Berzelius prepared a quantity of very pure bromide of 
silver, which he decomposed by chlorine gas assisted by heat. 

He found that 7*202 parts of bromide of silver, yielded 5*346 
parts of chloride of silver ; and that J*88(1S* parts of bromide 
of silver yielded 6*069 parts of chloride of silver.§ The mean 
of these two oxperimewts gives us 9*942 for the atomic weight of 
bromine. We may, therefore, adopt 10 for t^e atomic weight 
without any sensible error. 

Such are the properties of bromine as fa* as they have been* 
investigated. But it combines both vuth oxygen aiftl with 
chlorine, and forms compounds which we shall noiv describe. 

1. As far as is Itnown at present, bromine and oxygen unite compound 
only in one proportion, and form a compound which ^lossesses “* 5 'gen. 
acid properties, and on that account has received the name of 
bromic acid. 

W^hen bromine is agitated with a sufficiently concentrated Bromic acu. 
solution of potash, two different compounds are formed; namely, 
hydro-bromate of jiotash, which remains in solution ; and bro- 
mate of potash, which, being very little soluble in water, pre- 
cipitates in a white crystalline powder. This salt has many 
properties similar to those of chlorate of potash or of saltpetre^ 

Its properties will be described in a subsequent part of this 
work. 

When bromine and chlorine^e placed in contact, they com- 
lyne into a liquid, which has been called chloride of bromine. 

It is a liquid, which undergoes decomposition, if it be agitated 

* This salt will be described in a subsequent part of this work. 

t Ann. de Chiin. et de Phys. xxxii. 356.» Ido not clearly understand the 
data on which the analysis is founded. 

1 Ibid, xxxiii. 332. «Liebig has not given us sufficient data to enable us 
to judge of the accuracy of his analysis. 

§ Poggensdorf’s Annalen der Physick- xvi. 566. 
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Ow' with a concentrated solution of barytes. '^Vo salts are formed ; 
^ ! namely, the hydrobromate of barytes, which remains in solu- 

tion; and the bromate of barytes, which being but little soluble, 
falls to the bottom. The bromate of barytes may be obtained 
.under the forip of acicular ttrystalsj, soluble^^ in* boiling water, 
and fusjng with a gpreen flame when placed upon burning coals. 
If dilute, sulphuric acid be drx)pt into an aqueous solution of 
bromate of barytes, in the requisite quantity, the barytes is 
thrown doWJi, and there remains a solution of bromic acid in 
water. 

By a gentle evaporation the greatest part of tlie water may 
be driven off. There then remains a syrupy liquid, which 
cannot be deprived of the whole of its water. When the 
attempt is made, the acid undergoes decomposition, and is con- 
verted into bromine and oxygen. This decomposition takes 
place equally, if we leave it in the exhausted receiver ,of an 
air-pump standing over concentrated suljdmric acid. 

Fropertiei. Bromic acid ^reddens litmus paper, and then discolours it. 

It has scarcely any sm&Il. Its taste is very acid, but not caustic. 

Nitric acid and sulphuric acid have no action on it. The 
latter, indeed, when concentrated, occasions an effervescence; 
oxygen gas being disengaged and bromine set at liberty. But 
this is probably owing tu the high temperature produced by 
the actioii of the salphuric acid on the water of the bromic acid. 
For it does not take place when -the sulphuric acid used has 
been diluted with water. 

It is decomposed by the hydracidf'’, and by sulphurous acid, 
whether they be in an isolated statey.or combined with a base. 
Composition. W’'hen dropt into nitrate of silver it occasions a white pre- 
cipitate, which seems to be bromate of silver. It likewise pre- 
cipitates concentrated solutions of lead ; but the precipitate is 
yedissolved when a little water is added. It also throws down 
a white precipitate, when added to the proto-nitrate of mercury. 

W^hen bromate of, pott*sh is heated, it gives out oxygen gas, 
and is converted into bromide^-of potassium. M. Balard, by 
this process, converted 1*128 parts of bromate of potash into 
0*79 parts of bromide of potassium. The oxygen gas given 
out, therefore, amounted to 0'338 parts.* Now if the atom of 

* Bromide of gotassium is a compound of 
Broipine . . 10 

Potassium . . 5 

15 

or two-thirds of its weight are bromine. 
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bromine be 10, it is, obvious that 0*79 of bromide of po^tssium s«!t in. 
must be composed vf ' 

Bromine . . *5266 

Potassium . *2633 

Consequently brolhic acid«must b§ a compound ^f 
Bromine . . 0*5266 or 10 

Oxygen . * . * 0*2853 or 6.41 
For 0*0526 of the oxygen were imited to the po^sium, and 
converted it into potash. 

Thus we see that one atom of bromine is united in this acid 
with rather more than 5 atoms of oxygen. It is probable from 
analogy, that 5 atoms of oxygen is the exact quantity. The 
slight excess may have been owing to errors in the experiment; 
perhaps the salt might have contained trages of water. For 
nothing is said by Balard about the ^ode which he took to 
dry its* 

2. M^e are acquaiiTted al: present with only one compound 
of chlorine and bromine. It is a very volatile liquid, the proper- 
ties of which have hitherto been examiffed only by M. Balard*. 

To form it, we have only tt> pass a current of chlorine over* 
bromine, and to condense the vapojjrs formed, by passing them 
into a receiver, surrounded with a mixture of snow and sal^. 

Chloride of bromine is a liquid of "a reddish yellow colour ; 
much lighter than the colour of bromine. Its smell is strong 
and disagreeable, and it occiSions a sudden flow of tears. Its 
taste is excessively disagreeable. 

It is very fluid and vei^ volatile. Its vapour has a colour Propertie*. 
somewhat like that of protoxide of chlorine. 

Metals plunged into it, or brought in contact with it, become 
incandescent, and no doubt chlorides and bromides of these 
bodies are formed. 

It dissolves in water. The aqueous solution acquires the 
colour and odour of the chloride of bromine and Jike it has 
the property of rapidly discolouring^litmhs paper, and of de- 
stroying vegetable colours in g«;neral. 

* When potash or soda is added to this aqueous solution, the 
chloride undergoes decomposition, and alkaline muriates and 
bromates are formed. These decompositions show thht chlo- 
rine is more powerfully negative tl^ bromine. 

No experiments have been yet ma^ to determine the com- 
positions of chloride of bromine. W^ere we to reason from , 

* Balard ; Ann. de Chiin. et de Phys. xxxii. 365 . 
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analogy, we would conclude that it is a c<pnpound of 2 atoms 
■ chlorine, aftd 1 atom bromine, which wouM make its atomic 
weight 19. It does not seem to possess the characters of an 
acid, and cannot be combined with bases, without undergoing 
decomposition. 

T 

SECTION IVJ' — OF IODINE. 

Thif substance was discovered in the year 1811 by M. 
Courtois, sakpetre manufactul^r at Paris. After ascertaining 
some of its properties he gave a quantity of it to M. Clement, 
who undertook to prosecute the investigation. On the 6th of 
December, 1813, M. Clement announced its existence to the 
Institute of Paris, and at the same time described some of its 
most remarkable properties. The investigation of it was imme- 
diately undertakerf by M. Gay-Lussac, and jirosccuted with 
his accustomed activity and sagacity. Sir H. Davy, lylro W'as 
at that time at I^aris, began likewise to nftike experiments upon 
it, and his results were made known to the Royal Society before 
any of G}ty-Lussac’s phpers were published, though the Frencli 
\;hemist affirms th#t he preceded "the British philosopher in 
demonstrating the peculiar nature of this substance. To these 
two gentlemen, especially to M. Gay-Lussac, we are indebted 
for our knowledge of mo$Pt of the facts whicli have been ascer- 
tained refepectiiig tfiis singular substance. 

1. The process followed in FrSnce for obtaining iodine, is 
the following. Kelp, an alkaline substance obtained by burn- 
ing sea weeds, is lixiviated with watt r till every thing soluble 
is taken up. The solution contains vstrious salts; among others, 
hydriodates, which being only small in quantity, and very solu- 
ble, remain in solution after as mucii of the other salts as can 
be obtained by crystallization have been separated. The liquid, 
thus freed as much as possible from common salt, is put into a 
stone ware still, to which a glass capital is luted, the tube pass- 
ing from which, terncinates in two equal tureens, placed the 
one above the other. The liqvid in tlie still is mixed M’ith an 
excess of sulphuric acid, and heat is applied to the still. Vioh‘t 
coloured vapours pass over into the tureens, which are kept 
cool by cold water. Tliese vapours condense on the sides of 
the pipe of tlie capital and the tureens. They constitute iodine. 
Various other acid fiimcs come over along with the iodine, 
namely, sulphuretted hydrogen, muriatic iicid, and probably, 
also, u little chlorine and sulphurous acid. These vapours, no 
doubt, diminish the quantity of iodine obtained somewhat. 



IODINE. 

In this country (t^ie suggestion originated with Dr. Wollas- sect.iv. 
ton) it is customary to add a quantity of black oxid« of manga- 
nese to tlie concentrated liquid, at the same time with the^ 
sfllphuric acid. This cortainly increases considerably the pro- 
duct of iodine.* But the french object to the acflition, becaqse 
it lias a* tendency to occasion the evolution of chlorine^ which, 
combining with the iodine,* would injure the^ product very 
materially. Mr. Macintosh of Glasgow, obviated this, objec- 
tion completely, by tlfte fdllowing alteration of the process. 

He mixed the concentrated liquid with sulpharic acid, and 
boiled it some time. Tliis drives off the whole muriatic acid 
and the sulphuretted hydrogen, and if too much sulphuric acid 
be not employed, there is no escape of violet coloured fumes. 

He then added the black oxide of manganese, and distilled as 
before directed. The iodine vapoucs wefe disengaged and 
condeiised in the receiver. 

To purify the iodine, it siiould be washed with a little water, 
then dried between folds of blotting pajier. ^'o obtain it quite 
pure, the best way is to distil it off a quantity of fused chloride 
of calcium. 

2. Iodine thus obtained is a solid substance of a greyish Properties, 
black colour and the metallic lustre, having very much the 
appearance of native suljihuret of antimony. It is usually in 
scales of a greater or smaller size; but it nfey be obtained in 
crystals. And Dr. Wollastdn has a.scertained that its jtrimitive 
form is an octeihedron, somewhat similar to the primitive form 
of sulphur. The axes of 4his octahedron are to each other, as 
nearly as can be determined, as <;he numbers 2, 3, and 4.* 

Its specific gravity is stated by Gay-Lussac to be 4*948 at the 
temperature of 62°|.f I have repeatedly taken its specific 
gravity in as pure a state as I could get it in, by subliming it 
from chloride of calcium, and have always found it 3*0844, af^ 
the temperature of 60“. I do not know upon what this dif- 
ference depends. I have tried both i(«iinc made in th*s country, 
and in France ; but the result u^^as the same, 
r The smell of iodine is disagreeable and very similar to that 
of chlorine, though not nearly so strong. Its taste is acrid 
and hot, and continues for a long time in the mouth., ©rfila 
has shown that when taken internally it possesses poisonous 
qualities.^ 

* Annals of l*hilosophy, v. 237. f Ann. de Chiin. xci. J. 

t Toxicologie generale, tom. i. partie ii. p. 290. 



^8 


SIMPLE SUPPORTERS. 


Chap. I. 


In 1820, it Was introduced into medifiine by M. Coindet, 
a physicisfh of Geneva, as a cure for the goitre or Swelling of 
♦ the glands of the neck, which is so common in some parts of 
Switzerland. It has been found, it 'ns said, very efficacious 
indeed in removing that disease. The goitre being a disease 
almost unknown in Great Britain, our medical men have had 
no opportunity of trying it in that disease ; but it has been 
employed in this country in various glandular diseases, and 
the general opinion seems to be, that it is a medicine of con- 
siderable activity and efficacy. It obviously possesses consid- 
erable stimulating properties. 

3. Like chlorine it possesses the property of destroying 
vegetable colours; though it acts with much less intensity. 
It stains the hand of a deep yellow colour ; but the stain in a 
short time disappears. Paper receives a permanent reddish 
brown stain, and is at hist corroded by it. 

4. It melts when heated to the "tempterature of 224^“, and 
is volatilized under the common pressure of the atmosphere 
•when raised to the temperature of 351^°.* * * § But if it be mixed 
with water and the liquid boiled, 'it may be distilled over with 
the water. When converted into vapour it has a very intense 
and very beautiful violet colour. It was from this colour that 
Gay-Lussac imposed on it the name of wde,i which Sir 
Humphry Davy changed into iodine, as better suited to our 
language. Its specific gravity when in the state of vapour is 
8-678.1: 

M. Dumas has repeated the e:#periment of Gay-Lussac, 
and obtained 8*716 for the !sp. gravity. || The specific gravity 
deduced from theoretical considerations would be 8-8.§ 

5. "When iodine is thrown into water the liquid acquires an 
orange yellow colour and the peculiar smell of iodine. But 
it continues tasteless, and holds in solution only about 

* Gay-LCssac, Ann. de Chyn, xci. 7. He fixes the temperature between 
347° and 356°. 

f From w^ 9 js, violet coloured. 

t Gay-Lussac, Ann. de Chim. xci. 17. 

II Ann. de Chim. et de Phys. xxxiii. 346. 

§ It has been shown long ago by Dr. Prout and myself, that the specific 
gravity of all gases and vapours is either equal to the atomic weight, or to 
the atomic weight multiplied by *5555 or by 0-2777. If the atomic weight 
of iodine be 16, then 16 X otf*535= 8-8888. If the atom weigh 15-75, then 
16-75 X 0-5555= 8'8. Now, the specific gravity^ deduced from that of 
hydriodic acid is 8-7882, which almost coincides with the theoretical quan> 
tity. 
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part of its weiglit.of iodine. It is more soluble in alcohol, sect.iv. 
and still more in srtilphuric ether.* 

6. If a quantity of iodine be put into a thin glass tube shut 
at one end, and a bit nf phosphorus be thrown on it, the two 
substances combifte with great rigidity, and th§ evolution of a* 
great ^eal of heat ; but no light is visible. Sulphur qpd most 
of the metals likewise unite Aadily with io^jine Mdien the 
action of the two substances upon each other is assisted by 
heat. The new subsfhnces fowned by this combination have 
received the name of iodides. Thus the beautiful red powder 
formed by the union of iodine and mercury is called iodide of 
mercury. 

7. When any of these compounds is decomposed by the 
action of the galvanic battery the iodine attaches itself to the 
positive wire, and the substance wilAi whith it was united to 
the neqaiive wire of the battery. 

8. Iodine has the^propbrty of combining, with starch, and 
of forming with it a compound which has avfine blue colour. 

This curious fact was first observed by*MM. Colin and Gaul- 
tier de Claubry.f The easiest way of forlhing this compound 
is to triturate starch with an excels of iodine, to dissolve the 
mixture in potash, and tlien to add a vegetable aeid. ,The 
iodide of starch falls down in the state of a fine hlue colour. 
Stromeyer, Professor of Chemistry at Gottingen, fias found 
tliat starch is a most delicatd test of the presence of iodine in 
liquids. He affirms, that the starch acquires a perceptibly 
blue tinge, when the iodine does not exceed ^ 

liquid.^; 

When we wish to employ starch as a test to discover the 
presence of iodine in any liquid, the best way is to add to it a 
little starch previously dissolved in water, and then to add to 
the solution a little sulphuric acid. If iodine be present the 
blue colour soon developes itself. 

But it not unfrequently happens Aat substances exist in the 
liquid, and are disengaged by the sulphuric acid, which are 
capable of converting the iodine into hyd|iodic acid ; as for 
example, sulphurous acid, sulphuretted hydrogen. In such 
cases the blue colour will either not appear, or it will^speedily 
be destroyed; so that iodine may qpist without being detected 
by this reagent. M. Balard has propped a very simple remedy 

* Ga^'-Lussac, Ann. de Chim. xci. 7. 

Ann. de Chim. xc. 92. 

^ Annals of Philosophy, vi. 3T2. 
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for such cases. After having added the sulphuric acid to the 
liquid, pour over it, taking care to avoid* agitation, a little 
,water impregnated with chlorine gas. Tliis viater having a 
less specific gravity will float upon th*i surface, and in a short 
-tingie there wil^appear a deep blue s^ne at tlfe p®int of contact 
betwee^ thfe two liquids. This blue portion though vc^ry thin 
is quite, visible ; it may be i^iade thicker by a very gentle 
agitation ; but if the two liquids w'ere mixed completely the 
blue colour Vould disappear altogether.** 

9. Iodine has been detected in various sea plants by Gaul- 
tier de Claubry. He found it in fucus saccharinus, fucus 
digitatus, fucus vesiculosus, fucus serratus, fucus siliquosus, 
and fucus filum.t Davy fouixd indications of the presence of 
iodine in the ashes of fucus cartilagineus, fucus membrana- 
ceus, fucus rubens^* fucus filamentosus, ulva pavonia, and ulva 
linza.^ 

Dr. Fyfe infqrms us that he fotind ifrin the ashes of fucus 
nodosus, fucus palmatus, fucus digitatus, the ulva umbiliealis, 
and the common sponge. But he could not detect it in sea 
'water, nor in any Iftnd vegetable. ||r 

Dr. * Carter found it in the sulphureous mineral w'aters of 
Castelnovo (PAsti, in Piedmont, so celebrated for curing the 
goitre and qther glandulair affections.§ ‘M. Angelini had pre- 
viously detected it* in the mineral water of Sales, in the same 
country.^ M. Boussingault detected it in a yellowish liquid 
brought from the province of Antioquia in South America, 
and employed successfully as a cu/e for the goitre.** M. 
Kriiger of Rostock, found it in the ‘ mother ley of the Siilzer 
salt spring in Mecklenburg Schwerin.+f Dr. Tucker found it 
in the mineral spring of Bonnington near Leith ;f:j: and Dr. 
Daubeny, Professor of Chemistry in Oxford, found it in various 
gait springs in England. 

Iodine exists, also in the mineral kingdom. Vauquelin 
found an iodide of cilveFin a mineral from Mexico which he 
analyzed. But he has given •no description of the mineral, 
nor did he determine the proportion of the constituents. || || • 

• Ann. de Chim. et de Phys. xxviii. 178. 

f 2knfl. de Chim. xciii. 75, 113. t Phil. Trans. 1814, p. 505. 

II Edin. Phil. Journal, i. 25^. 

§ Ann. de Chim. et de Pbys. xxviii. 221. 

^ Schweigger’s Jahrbuch, ‘Vi. 319. ** Ibid. xxx. 91. 

ft Ibid. vii. 444. 

\\ ^tnnals of Philosophy, (2d Series,) xii. 390. 

II II Ann. de Chim. et de Phys. xxix. 99. 
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10. The atomic weight of ioditie is investigated by deter- seot^iv. 
mining the proportion of it which unites with thd different " 

bases. Gray-Lussac put a quantity of iodine and pieces of "S*****- 
zirtc with a sufficient por^on of water into a glass flask, which 
was then herme^icafly sealed ; it wife then heated ^ill the whole 
iodine li^d combined with the zinc, and had formed a colour- 
less solution in the water.. Tlie height 6f zinc qpd of dodine 
put into the flask being known, it was only necessary to weigh 
the residual zinc to kno\f the* proportion of that nfetal which 
had united with the iodine. The result was, that 100 parts 
of iodine were just saturated by 26*225 parts of zinc.* Hence, 

4*25 parts of zinc would have combined with 16*2 of iodine.f 
Now, (4*25 being the atom of zinc,) it follows from this 
experiment, that 16*2 denotes the atomic weight of iodine. 

The experiment was repeated by Dr.*Prout* who found that 
50 parte ^of iodine combine with 12*9 of zinc.j- But 12*9 
are to 50 as 4*25 to 16**t73, this makes the weight of the atom 
a little higher than it was found by Gay-Lussa«, 

I found that 20*5 grains of iodide of*potassium, os* 19*75 
grains of iodide of zinc, are eompletely decdbiposed by 20*75 
grains of nitrate of lead, f'rorn this^I concluded that the atom 
of iodine weighs 15*5.:}: 

More lately Berzelius has made a* set of experiments to 
determine the atomic weight of iodine, which he conducted with 
his usual attention to precision. He found that 5 grammes 
of iodide of silver, which he had purified with the utmost 
care, when heated and decomposed by a current of chlorine 
gas, formed 3*062 gramme!? of chloride of silver. By another 
experiment he found that 12*212 grammes of iodide of silver 
gave 7*4755 grammes of chloride of silver. || Now, if we 
reckon the atom of silver to weigh 13*75, these experiments 
give 16*058 for the atomic weight of iodine. 

My experiments were made with so much care th^t I have 
no doubts of their accuracy. But I not at iflie same 
pains with Berzelius in purifying my iqdine, having merely 
sublimed it, there is a probability that It hught not be quite 
free from all admixture of chlorine V^!',>bromine. On that 
account, I think that the mean between my result and Ber- 
zelius must come exceedingly near tlje truth. We may then 

* Ann. de Chim, xci. 24. 
f Annals Philosophy, vi. 323. 
t First Principles, i. 89. 

II Poggendorf’s Annalen der Physik. xiv. 560. 

G 
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Chap. I. consider the atom of iodine as weighing 15*75. I adopt this 
number fhore readily, because it agrees %^ery nearly with the 
number deduced from the specific gravity of the vapour of 
iodine. The atomic weight deduce4 from 8*678, the specific 
gravity, according to Gay-*Lussac,*is 15*62 1.« DumJis makes 
the weciric gravity of the vapour 8*716, which gives us for 
the atomic ■^eight of iodinfe 15*69. The atomic weiglit de- 
duced from the specific gravity of Jiydriodic acid, as determined 
by Gay-Lussac, is 15*8. This last number is likely to be 
most accurate, because it was much easier to determine the 
specific gravity of liydriodic acid, which is a gas, than of the 
vapour of iodine. Now, 15*8 very nearly agrees with 15*75, 
which I therefore shall consider as the true atomic weight of 
that body. 

Iodine has thfe property of combining with oxygen, chlorine, 
and bromine. It will be proper to describe the nature of these 
compounds. 

Iodic acid. 1 . The convpouiid of iodine and oxygen was discovered in a 

• separate state by Sii* H. Davy, suid constitutes one of the many 
striking analogies that exist betvi*een chlorine and iodine. It 
may be obtained by the following process. Put 40 grains of 
iodine into a thin long-necked receiver. Into a bent glass 
tube shut at one end put 100 grains of chlorate of potash, and 
pour over it 400 grains of muriatic acid, of the specific gravity 
1*105. Then make the bent tube communicate with the 
receiver, and apply a gentle heat to it. Protoxide of chlorine* 
is generated. As soon as it comes in contact with the iodine 
a combination takes placed and two new substances are formed : 
1. A compound of iodine and chlorine; 2. A compound of 
iodine and oxygen. When heat is applied to this mixture the 
compound of chlorine and iodine, wliieh is volatile, flies off 
and leaves the compound of iodine and oxygen in a state of 
purity .f This substance possesses acid properties, and Gay- 
Lussac has proposed fOr it the name of iodic acid, which we 
shall adopt. 

Its properties. lodic acid, when puTO, is a white semi-transparent solid. It 
is destitute of smell,, but has a strong astringent sour taste. Its 
specific gravity is considerable, for it sinks rapidly in sulphuric 
acid. "V^en heated a- little below the temperature at which 

c 

* This gas ought to bt made to pass through dry chloride of calcium 
(^muriate of lime') before it comes in contact w^th the iodine, in order to 
defirive it of the water with which it is mixed when first generated, 
t Davy, Phil. Trans. 1815, p, 204. 
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olive oil boils, it melts and is decomposed, being converted 
into iodine and oxygtn gas. According to the mean of three 
experiments made by Sir Humphry Davy, a grain of iodic acid 
when decomposed gives #ut 176*1 grain measures of oxygen' 
gas.* Now at ihe^temperijfure of«60°, 176*1 grains of wator 
are equal in bulk to 0*6968 cubic inch. But 0*696^ of a 
cubic inch of oxygen gas weighs 0*24H grain^ Thgrefore 
iodic acid must be a compound of 

Iodine, f * . 0*7589 or 15*75r 

Oxygen, . . 0*2411 or 5*003 


1 * 

Now 5 represents 5 atoms of oxygen. It is obvious froln this 
that iodic acid is a compound of 1 atom iodine and 5 atoms 
oxygen. This was confirmed by Gay^Lussdc, who analyzed 
tlie iodate of potash, and showed that iodic acid contains 
exactly f atom of iodine and* .5 atoms of water . 4 - 

Thus iodic acid agrees exactly in point of composition with 
chloric acid. 

Iodic acid is very soluble* in water. "Wlien exposed to a 
moist atmosphere it gradually deliquesces. Its solution* first 
reddens, and then destroys vegetable blues. It reduces otli^r 
vegetable colours to a dull yellow*. When this liquid is heated, 
the water gradually evajiorates, and the acid acquires tRe con- 
sistence of a syrup. It then becomes pasty, and may be driven 
over unaltered, unless the heat applted be too great. In tliat 
case it acquires a purplisl# tint from a partial decomposition 
which sets a portion of the Iodine free. 

When mixed with charcoal, sugar, or other inflammable 
bodies, and heated, detonations take place. Its solution rapidly 
corrodes metallic bodies. 

Sementini of Naples is of opinion that he has formed i*dousacid. 
another compound of iodine and oxygen, containing less oxy- 
gen, and called by him iodous acid, by the •following process. 

Equal parts of chlorate of potash «,nd io^ne are to be triturated 
togi>ther till they form a yellow powd^* |h which no trace of 
the iodine can be^tdetected. This is pni^|Alo a retort and dis- 
tilled by means of a spirit lamp. When the chlorate begins 
to part w'itli its oxygen, dense yellow^umes arise, which con- 
dense in the receiver into a yellow fluid. This is the iodous 

• 1 • 
acid. 


* Phil. Trans. 1815, p. 206. 


t Ann. de Chim. xci. 48. 
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ch»p. I. Its taste is acid and astringent, and it leaves a burning taste 
on the tongue. It has a peculiar and ^disagreeable odour, 
somewhat resembling that of protoxide of chlorine. It is 
“heavier than water; reddens vegetable blues, but does iK)t 
c(^estroy them, It is very soluble bqjh in cold and hot water, and 
the solutions are yellow. It volatilizes rapidly at 212° ; it is 
decomposed by sulplrir, but not altered by charcoal ; it is also 
decoipposed by sulphurous acid ; it sets fire to phosphorus 
and potassium. Nothing is .known respecting the composition 
of this acid.* 

Another com- M. Mitcherlich lias annoimced anodier compound of iodine 
pound. oxygen, which he considers as containing less oxygen 

than either of the preceding, and analogous in its composition 
to hyposulphurous acid. But he has given no details sufficient 
to enable us to judgCcOf the proportions of the constituents. 
This acid can only exist when combined with a baso.f „ 
chioriodic 2. The compouiid of iodine and chlorine was likewise first 

acid. / , • 

discovered by, Sir H. Davy; but it was likewise examined 
,by Gay-Lussac, befifre he was aware that it had been the 
object of the investigation of the, British chemist. Davy has 
given the compound the name of chioriodic acid, which we 
shall adopt. 

It is easily obtained. <■ When a current of chlorine gas is 
passed into a vessel containing iodine, the combination instantly 
takes place. Chioriodic acid, rt^hen the iodine is saturated 
witli chlorine, has a yellow colour, and becomes orange on 
fusion ; but if there be an excess ef iodine the colour is red.j 
To saturate the iodine in tliis way is attended with some diffi- 
culty ; but it is easily accomplished by dissolving the red sub- 
stance in water, and passing through it a current of chlorine gas 
till it be saturated. The solution of chioriodic acid obtained 
in this way is colourless, provided there be no excess of chlorine ; 
but if there be, it has a yellow colour. 1| ' 

It is hot easy to determine the composition of this com- 
pound; because saturation is difficult, and it seems even to 
aifect an overdose of iodine. Davy made two trials to deter- 
mine the quantity chlorine absorbed, by a given weight of 
iodine^ The results were as follows : § 

* Annals of Philosophy,' ^2d Series) viii. 386. 

f Ann, de Chim. et de F’hys. xxxvii. 84. ^ 

i;„Davy, Phil. Trans, 1814, p. 498. Gay-Lussac, Ann. de Chim. xci. 48. 

II Oay-Lussac, Ann. de Chim. xci. 50. § Phil. Trans. 1814, p. 499. 



IODINE. 




(1.) 20 grains of|^odine absorbed 13*125 cubic inches of sect. iv. 
chlorine gas = 10*195 grains. Now, 20 : 10*195 : : 15*75 : 8*029, 
which is the weight of chlorine, which, according to this expe- 
riment united with an atSm of iodine. 

(2.) 20 grains of iodine •absorbdd 9*6 cubic inches of chlo^ 
rine =: J*474 grains. Now, 20 : 7*474 : : 15*75 :* 5*^7 = 
weight of chlorine united to an litom of iodine, .according to 
this second experiment. 

Now, 8*029, the wei^t of chlorine, which united with an 
atom of iodine, by the first experiment is only 0*971, or little 
more than ^th of an atom less than 2 atoms of chlorine. The 
number 5*887, indicated by the second experiment, is about 
^th of an atom less than an atom and a half of chlorine. Shall 
we conclude from this that two different compounds were 
formed : the first a compound of two adorns df chlorine and 1 
of iodkie, and the second of 1| atoms of chlorine and 1 atom 
of iodine ? Or shall We ccftisider the second, exjieriment as 
indicating an imperfect combination ? 

Chloriodic acid is very volatile. Wh®n exposed to the air 
it deliquesces. Its solution in water, possesses acid properties. 

It gradually destroys vegetable blu^. Even the solution of 
indigo in sulphuric acid is deprived of its colour by it. But it 
appears from the ex’perknents of Gay-»Lussac, that it is decom- 
posed and converted into iodic acid and muriatic acid, (no 
doubt by the decomposition of water,) whenever we attempt to 
combine it with a base. Tliis has induced him to doubt 
whether it possesses acid ^iroperties, and to suspect that it is 
decomposed whenever it 'is dissolved in water. On that 
account he has given it the name of chloride of iodine. But 
Davy’s experiments seem to me to prove, tliat it dissolves in 
water without decomposition, and consequently that it is an 
acid. 

3. We are indebted to M. Balard for every diing qf present Bromide or* 
known respecting the combinations ^f brtimine and iodine. 

T. hey seem to be capable of combining in two proportions. 

^^%en the two bodies are placed in contact, in certain pro- 
portions we obtain a solid compound, 'yvhich, when heated, 
gives out reddish brown vapours, condensing into small crys- 
tals of the same colour, and resemblijig fern leaves in appear- 
^ce. A new addition of bromine ti^sforms these crystals 
into a liquid resembling hydriodic acid, containing a great 
excess of iodine. 

Ihis liquid bromide is soluble in water, to which it commu- 
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^ nicates the property of destroying the colour of litmus paper, 
without rfeddening it. Alkalies poured iifto the solution, pro- 
duce hydrobromates and iodates, as might have been expected 
from analogy.* 


SECTION V. OF FLUORINE. 

History. The mineral called Jlour spar, and in this country frequently 

distinguished by the name of Derbyshire spar, is so common 
in lead milies, and is so beatftiful in consequence of its trans- 
parency, its fine colours, and the large size of its cubic crystals, 
that it must have early attracted the attention of mankind. 
TJiere can be little doubt that it is mentioned both by Theo- 
phrastus and Pliny under the name of false emerald {-^fvdrig 
afiutgaydog.) In the time of Agricola it was employed as a flux 
for ores, and is mentioned by him under the name of fliior.f 
Its property of corroding glass, when mixed with /sulphuric 
acid, was known at Nuremberg ds eafiy as 1670. The first 
attempt to ascertain the composition of this mineral was made 
by Margraf. His experiments were published in the Memoirs 
of the Berlin Academy for 1768* but he informs us that they 
had 6een made in 1764. , He reduced the mineral to j>owder, 
mixed it with its own weight of sulphuric^acid, and distilled it 
in a retort. He obtainefl a white saline*isublimate, and remarked 
with surprise, that the retort was corroded into holes in several 
places.:|: In the year 1771, Scheclc published a set of experi- 
ments on fluor spar, in the ‘Memoirs of the Academy of Sciences 
of Stockholm. He showed that tlfe mineral was a compound 
of lime, and of a peculiar dcid, to which he gave the name of 
Jltioric acid. He determined the properties of this acid, and 
showed it to differ from every other previously known. 1| Dr. 
Priestley found that the acid, when obtained'by Scheele’s pro- 
cess, is a gas possessed of peculiar properties which he investi- 
gated an^ described.^ 

It was shown b)^ Wifegleb** and Bucholz,-|-f and still more 
completely by Meyer,:};:); that the fluoric acid of Scheele con- 
tained silica as a constituent, and Dr. John Davy ascertained 
the proportion of fluoric acid and of silica, that exist in the 

* Ann. de China, xxxii. 372. 

•j- Georg. Agricolae Bermapnus, p. 458 j Basil edition of 1558. 

i Collection Academique, xvi. 281. 

II Memoires de Chymie de M. C. W. Scheele, i. 1. 

S Priestley on Air, ii. 339. 

N. Entd. in d. Chemie. Th. i. p. 1—15 ft Ibid. Th. iii. p. 50. 

It Schriften der Berliner Gcsellschaft, naturf. Freunde, b. ii. 
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acid of Scheele,* and demonstrated that it is a peculiar com- 
pound of fluoric aciiVnd silica, in which the constituents always 
exist in the same proportions. Gay-Lussac and Thenard, in 
their Recherches Phy#ico-chimiques,')' published in 1811,* 
pointed out a method of jyeparinif pure fluoric acid, and were 
the firs^ to determine its properties. It may be procured in 
the following manner. 

A retort of pure lead must be procured, composed of two pieces 
which slip into each other. * T® this retort must adapted a 
leaden receiver. This apparatus is represented in the figure in 
the margin. Take any quantity of 
pure white fluor spur, reduce it to 
a fine powder, and put it into the 
retort, then mix it well with twice 
its weight of concentrated sulphuric apid. “Lute the joining ol 
the ratort and the beak where it enters the receiver, with clay, 
then apply a moderate heat to the retort, taking eare that it is 
not so great as to fuse the lead. The receiver to be surrounded 

witli a mixture of common salt and snofv. The fluoric acid is 
disengaged, and collected , in the receive* in a liquid state.;];; 

This acid possesses the following properties. • 

At 82° it is a colourless liquid like water. It does not con- Propcruc! 
geal though cooltA^l dywn to — 4°, and it continues liqufd at 
the temperature of 60°. Its boiling ])oint4ias not been deter- 
mined, but it is low. When exposed to the air it smokes 
violently, giving out a smell similar to that of muriatic acid, 
but much stronger. It is \tery speedily dissipated in open v'essels, 
and can only be })reserved in metallic vessels. The best adapted 
for the purpose are those which are composed of pure silver, 
and they iiiust have a silver stopper, which should be air tight. 

When this acid is as concentrated as possible, it would 
appear from the exjieriments of Davy, that it contains no 
water. Its specific gravity is then 1*0609. When united fo 
a certain portion of water, its spec^ic gjavify becomes 1*25.§ 

When a drop of it is let fall iyto water, a hissing noise hikes 
place similar to what is hoard when a red hot iron is plunged 
into that liquidi When a few drops pf water are let fall into 
fluoric acid it enters into ebullition. A great deal, of, water 
may be added without destroying its fuming property. Care 
must be taken not to breathe the Tuples of this acid, as they* 

* Phil. Trans. 1812, p. 352. f Vol. ii. p. 1. 

Recherche6 Physico-chimiques, ii. 2. 

§ Davy, Phil. Trans. 1813, p. 266. 
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are very deleterious. When a drop of it falls upon the skin, 
it acts as a powerful corrosive, and occasiCps a sore which does 
not soon heal. 

' When this acid comes in contact w^th glass, it immediately 
.corrodes it, and is converted into a gaseoi^s hpdy, known by 
' the name of fiuosilicic acid.* * * § Tliis acid combines readily with 
the different bases, and forms a genus of salts called Jluosili- 
cates. ' Berzcdius has, in 1823-4, published an important series 
of exp'oriments, chiefly upon the combinations of fluoric acid, 
the new acids which it thus forms, and the salts which their 
numerous acids are capable of constituting.f 

The first set of accurate experiments to determine the atomic 
weight of this acid, was by Sir H. Davy. He found that 100 
gr. of pure Jluor spar, when decomposed by sulphuric acid, 
formed 175‘2 grains of sulphate of lime. Now the lime in 
175*2 gr. of this sulphate, amounts to 72*141 grains. If, 
therefore, fluor spar be a compound of fluoric acid and lime, it 
is obvious that ife constituents must be 

'‘Fluoric acid 27*850 or 1*351 
* Lime^ 72*141 or 3*5 

Tliis would make tlie atom of fluoric acid 1*351. Berzelius, 
in his first experiments, oltained a residt differerit from that 
of Davy, but he lias since corrected some errors into which he 
had fallen, and his analysis of fluor spar, agrees almost exactly 
with that of Davy.f 

I found that 5*25 grains of fluate of soda, dried in a red heat, 
just saturate all the lime in 6*25 grains of pure carbonate of 
lime, dissolved in muriatic acid, and rendered neutral by evapo- 
ration to dryness and solution in water. Now 6*25 grains of 
carbonate of lime are equivalent to 3*5 grains of lime. And 
the muriatic acid which saturates 3*5 lime, will just saturate 
4 of soda. Hence the 5*25 of fluate of soda must have con- 
tained 4 soda. The weight of the fluoric acid then must have 
been 1*25. . And‘ l*25 fluoric acid must just saturate 3*5 lime. 
Hence the atomic weight of fluoric acid must be 1*25.§ 

It had been the general opSiion of chemists that fluoric 
acid is a compound of an unknown basis and oxygen, and this 
opinion was adopted and maintained by Gay-Lussac and 
Thenard, in their Recherches Physico-chimiques. But in 

• This acid will be described in a subsequent part of this work. 

•f- Kongl. Vetensk. Acad. Handl. 1823, p. 284 ; pp. 46, 278. 

1 Apnals of Philosophy, (2d series) viii- 338. • 

§ First Principles, ii. 168. 
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the year 1810, M. Ampere, who had adopted the views of Sir soctv. 
Humphry Davy, tSspecting chlorine and the composition of ' 

muriatic acid,* was led to compare together the fluoric andt 
muriatic acidsj and to draw similar conclusions with respect to 
the composition 0f both.* Now^e base of muriatic acid# is* 
hydrogln, and the hydrogen in it is combined with chtfirine, a 
supporter of combustion. TheAfore, supposing the oomposi- 
tion of both similar, fluoric acid must likewise be a compound hydrogen 
of hydrogen, and an unknown supporter of combuftion. This 
view of the subject he communicated to Sir H. Davy in 1810, 
who at first was rather inimical to the opinion; but upon con- 
sidering the subject, he was gradually led to change his notions,t 
and at last became a strenuous supporter of the hypothesis. 

He published two papers in succession on the subject contain- 
ing each many highly interesting experiments, and ingenious 
views«and deductions but he was unable to obtiiin the sup- 
posed supporter of cmnbu^on, in fluoric ac^d, in a separate 
state. I think, however, that the reasons adduced for its exist- 
ence are sufficiently plausible, and on tluit account ha.ve been 
induced to give it a place among the supporters of combastion. 

Davy has given it. the name oi fluorine, which we shall a'Hopt.§ guorine. 

I shall now state the evidence for the existence of fluorine fjiat 
has been brought forward by the experiments of Davy. I shall 
be under the necessity of making use of man^^ substandbs vdiich 
have not yet been described.* Beginners, therefore, will find 
it convenient to peruse the two following chapters before they 
read the remainder of this section. 

1. When fluoric acid and potassium are brougrlit into con- Prjwfsofiu 
tact, a violent action takes place ; a solid white substance is 
formed, and a quantity of hydrogen gas is discharged. If 
the fluoric acid be free from water, it is obvious that this result 


* Namely, that it is a compound of equal volumes of qjilorine and hydro- 
gen gases. • 

f Ann. de Chim. et Phys. ii. 21. 
t Phil. Trails# 1813, p. 263; and 18^4, p. 62. 

f Ampere has given it the name of Phthorine, (Phthore) from the Greek 
word destructive, Ann. de Chim. et Ph^s. ii. 24. But it is quite 

evident that this new name cannot be adopted. There would be n# ertd to 
names if every person at pleasure could coin new ones. The reason assigned 
by him for contriving this new name, namely ,^hat he was the original starter 
of the hypothesis, is not valid. Mr. Gregor wa^ the discoverer of titanium; 
yet the name imposed b}i Klaproth has kept its place, and even borne down 
the name MenachanCy previously applied by Kirwan. Davy informs usithat 
Ampere himself originally suggested the term fluorine. 
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Chap. I. is best explained by supposing the fluoring and the potassium 
to combine* and form the solid substance, w^iile the hydrogen, 
previously united to the fluorine in the acid, makes its escape 
p the form of gas. But it requires ttf be ascertained whether 
t fluoric acid__of<the specific giavity 1> 0609 c6n tains any water. 
For this purpose Davy put a (^antity of it into a platinum tray, 
and placed it in contact with ammoniacal gas till it was satu- 
rated with that alkali. By this means a white salt was formed, 
known by the name of fluatC of ammonia. When any acid 
that contains water is combined in this manner with ammoniacal 
gas, if we heat the salt formed, water is always disengaged. 
Thus sulphuric acid, or nitric acid, or phosphoric acid, when 
saturated with ammoniacal gas and heated, give out always 
abundance of water. But fluate of ammonia when thus treated 
gave out no water.* Hence we have no evidence that fluoric 
acid contains any water. , ' 

2. Muriatic aoid is a compound of (fiiloriiie and hydrogen 
gas, the combiii\ition of it with ammonia is called muriate of 
^ammonia. When po'cassium is heated with muriate of ammo- 
nia, chloride of potassium is formed, and a qiuintity of gas 
disengaged. This gas is g mixture of ammonia and hydrogen, 
and consists of two volumes of ammonia, and one volume of 
hydrogen gas. Now when fluate of ammonia is treated with 
potassium, a similar effect is produced. A white saline sub- 
stance is formed, and gas is evolved, consisting of ammonia 
and hydrogen, in the proportion of two volumes of the former 
to one volume of tlie latter.f Now since the effects in these 
two cases are similar, the fhir inference seems to be that the 
products are similar. The dry substance is probably a fluoride 
of potassium, while the hydrogen was previously united with 
the fluorine, and constituted with it fluoric acid. 

3. When fluoric acid is exposed to the action of galvanism, 
hydrogen gas ia given out at the negative wire, and the posi- 
tive wire (supposiilg it platinum) is coated with a chocolate 
powder.^ When muriatic acid is treated in the same way it 
is decomposed, its hydrogen being given off at the negative 
wire, W'hile its chlorine unites with the positive wire. Is it 
not'^prbbable then that the chocolate powder is a compound of 
fluorine and platinum ? , 

4. If fluate of silver ot fluate of mercury be exposed to the 
action of chlorine, and heated in glass vesrels, chloride of silver 

r 

Davy, Phil. Trans. 1813, p. 268. f Ibid. p. 269. ^ Ibid, p, 271. 
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or of mercury is %)rmed, while the vessel is corroded, and a \ 
quantity of fluosilicic acid gas mixed with oxygen evolved.* 

^Is it not probable that in this case the fluorine is disengage<J, 
that it immediately acfe upon the silica in the glass, disengaging 
its oxygen ancl forming flAosilicic acid, which nifty be considered 
as a compound of fluorine and ^ilicon? 

Various attempts were made to obtain the fluorine In a sepa- 
rate state, by repeating thjs experiment in vesselj^ of platinum 
and silver : but in both cases it combined with the metal. So 
that it seems fluorine has the property of combining with all 
bodies that can be employed as vessels. This precludes the 
possibility of obtaining it in a separate state. 

These reasons have been still farther confirmed by various 
compounds of fluorine, discovered by more, recent experiments, 
and which will be described in the subsequent part of this work. 

Nov^ k is obvious that if fluor spar be a compound of fluorine and 
calcium.) the weight of an atom of it will be S‘25. For lime is 
a compound of 1 atom calcium = 2*5 and 1 atom oxygen = 1. 

And as the calcium during the analysis is converted* into lim^j 
it is obvious that the weight of the fluorme, estimated ^merely 
by the loss of weight, must be underrated by the quantity of 
oxygen which has> united to the calcium or 1. Therefore^uor 
spar is a compound of 

1 atom fluorine — 2*25 
1 atom calciuni = 2*5 


4*75 


Such are the properties of the supporters of combustion, as 
far as they can be detailed in this early part of the work. The 
numerous compounds which they form with jthe ojlier simple 
bodies, will fall to be described inP the Subsequent chapters. 
They are probably capable o^ uniting with every one of the 
«ther simple bodies. When they unite with certain simple 
bodies, they constitute acids, when with others alkalies or Imses, 
W^hile some of the compounds possessing neither acid tior alka- 
line qualities, may be called neutral Those acids and bases, 
containing the same supporter, are capable of uniting with each 
other, and of forming salts without decomposition. But when 


* Davy, Phil. Trans. 1813, p. 275. 
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an acid containing one supporter, is brought into contact with 
a base containing another supporter, it is more rarely that they 
combine. Much more frequently they mutually decompose each 
ojther. Tlius there exist oxygen acids, *^cMorine acids, bromine 
Ktdds, iodine^acids, arid fluorin^ acids, Arid the same* number of sets 
of basest We have oxygen salts, chlorine salts, bromine salts, 
iodine salts, and fluorine? salts. Berzelius has shown likewise, that 
gulphur^\i'dtB the property of combining^ with the other simple 
bodies, in th^ same way as the sVipporters do, and of forming sul- 
phur acids and sulphur bases, which readily combine with each 
other and form what may be sulphur salts* He assures us 

that selenium and tellurium agree with sulphur in this respect ; 
that these bodies unite with the other simple substances, form- 
ing acids and bases ^capable of combining with each other, so 
that a class of selenium Salts and of tellurium salts, may also 
be formed. Sulphur, selenium, and tellurium, might,.tfiere- 
fore, be classed along with the supp*orter?; but their analogies 
with the acidifiable bases are so strong, and so close, that it 
seems more advisable fo place them in that set of simple bodies. 

The atomic woi^ts of the supporters are as follows. 


Oxygen ' . . 1 

Fluorine . . ^ 2^25 

Ghlorine . . 4*5 

Bromine ... 10 

Iodine . . . 15*75 


Chlorine is just double the weight of fluorine, and iodine just 
7 times the weight of the salne atom.* 

It is probable tliat fluorine is still more negative than even 
oxygen, which excels all the other supporters in this respect. 
But as fluorine has not yet been obtained in a separate state, 
pur conclusions can only be supported by conjecture and analo- 
gical reasoning. * 

* Kong. Vetens^. Acad. Ilandl. 1826 , p. 332 . 
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CHAP. II. Chap, 11* 

OF THE SIMPLE ACIDIFIABLE BASES. 

The simple aoidiftable bases at present known, aie thefollowuig., 

• • 

1 Ifydrogen 7 Sulphuy 13 Uranium* Ntmber. 

2 Azote 8 Selenium 14 Molybddhum 

3 Carbon ^ Arsenic 15 Tungsten* 

4 Boron 10 Antimony 16 Titanium 

5 Silicon 11 Tellurium 17 Columbium. 

6 Phosphorus 12 Chromium 

The first two of these bodies, hydrogen and azote, are gases, 
which have never been reduced to a liquid or solid state. 

Carbon, boron, and silicon, are black, fixed powders, which have 
neither been melted nor volatilized. Phosphorus, sulphur, and 
selenium, are solids eq^ily fijsed and volatilized by heat. Arsenic, 
antimony, and tellurium, are metals easily fusiBle and volatilized. 

The last six are difficultly fusible mqfals, which have been 
hitherto obtained in the metallic state, only, jn minute quantities^ 

I shall treat of these aciififiable bases in their order,, in the 
17 following sections. 

SECTfON I. OF HYBROGEN. 

Pure hydrogen can scarcejy be said to exist in an "insulated History, 
state, but it constitutes a part of water from which it may be 
easily evolved by very simple processes. Being sometimes in 
a state of combination enafltted in considerable quantities from 
the surface of the earth in mines. It had occasionally attracted 
the notice of observers.* Mayow,"! Boyle,J and Hales, § pro- 
cured it in considerable quantities, and noted a few of its 
mechanical properties. Its combustibility was known abo\it the 
beginning of the 18th century, and was often exhibited as a 
curiosity.il But Mr. Cavendish ought to be considered as its 
real discoverer; since it was he wffo firSt examined it, who 
poiqted out the difference between it and atmospheric air, and 
u4io ascertained the greatest number of its properties.^ The 
properties and compounds into wliich it enters, were afterwards 

* See an instance related in Phil. Trans. 1667, No. 26, p. 452. 

•j* Tractatus Quinqne, p. 163. J Shaw’siBoyle, iii. 21. § Statics, i. 221. 
j| Cramer’s Elementa Docimasia, i. 45. This book was published in 
1739. — Wasserberg relates a story of an accicfental explosion which terrified 
Professor Jacquin’s operator. Wasserberg’s Institutiones Chemiae, i^ 184. 

^ Phil. Trans. 1766, vol. Ivi. p, 141. 
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examined by Priestley, Scheele, Lavoisier, Gay-Lussac, and 
Humboldt, £>alton, Henry, Berzelius, and tjulong, and various 
other chemists. 

Hydrogen may be procured with greg.t ease by the following 
^shnple process.^ Into a smalj^ retort, ^or a snnll ^glass jar with 

two mouths, as in the margin^ put a 
numbor of small pieces of zinc, and a 
quantity of water suflBcient to fill it 
about,, half full. Through a perfor- 
ated cork fitted into one of the mouths 
of the glass, let a glass tube pass, 
grasped so tightly by the cork that 
no air can pass between them. This 
tube passes to near the bottom of the 
vessel. Its lower extremity termi- 
nates in a small opening, but its ixpper 
extremity Is widened out into' a fun- 
nel-shape. Inta the other mouth of the bottle is fixed, by 
ipeans of a perforated rork, the bent tube the extremity of 
svhich dips into a -water trough upder the mouth of a glass 
cylindiical receiver filled with water and inverted over the 
shelf of the trough. Sulphuric acid is poured into tlie funnel- 
shaped extremity of the glass tube c. sinks by its weight to 
the bottom of the"" vessel a, mixes with the water, and begins 
to act on the zinc. Air bubbles separate in great abundmice 
and rise to the top of the vessel a. These air bubbles consti- 
tute hydrogen gixs. We must nol^ begin to collect this gas 
till it has had time to displace all the common air which occu- 
pied the upper part of the vessel and the bent tube 6. 
When we tlunk that enough has been disengaged to get rid 
of all that air, the bent tube b is brought under the inverted jar, 
the hydrogen gas passes along it, rises to the top of the inverted 
jar, and gradually fills it. Sulphuric acid is poured occasion- 
ally when the effervescence begins to flag through the tube c 
into the vessel a. 

Unless the zinc, the water, and the sulphuric acid, be pure, 
the hydrogen gas thus generated is not free from all admixture 
of foreign matter. Even, when all the ingredients employed 
are pure, there is reason to suspect from the colour of the gas 
when burning, that it is, not absolutely free from all admixture 
of zinc. However, the quantity of that metal in such cases 
must be exceedingly minute. Zinc is seldom or never per- 
fectly pure. It usually contains traces of sulphur, sometimes 
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of arsenic, and sometimes of charcoal. On this account hydro- *• 
gen gas often comfhins a little sulphur, a little jursenic, and ^ 

according to Mr. Donovan, a little carbonic acid.* The sul- 
phur and arsenic, and ^Iso the carbonic acid, if present, may 
be removed by passing tli^ hydrogen gas through a glass tuj)€,^ 
contairring pieces of caustic potash. ^ 

Hydrogen gas may be obtained alsow by a similar j>rocess ; 
but substituting iron filings instead of zinc. In that ^e the 
gas is much less pure than'whoii zinc is employed. It then 
contains sensible traces of charcoal; and likewise an oily 
matter, which may be separated by passing the gas through 
alcohol. When the alcohol thus treated, is mixed with water, 
and set aside for some days, the oil separates, and may be 
collected in sensible quantities. This fact was first ascertained 
by Prout. 

1 . .Hydrogen gas thus obtained and purified, possesses the p”*' 
mechanical propertie» of atmospherical air, and like that fluid 

is destitute of colour, taste, and smell. Wj^en obtained by 
means of iron filings, the smell is bituminous and disagreeable. 

It is owing to the oily myitter, the vapoi*r of which, in thar 
case, is mixed with it. When zinc is used, the smell is much 
weaker, but still sensible. But when properly purified, the 
smell is destroyed. Hydrogen gas* evolved by putting the 
amalgam of potassium into pure water, has,* according to Ber- 
zelius, no smell ; but if an aCid or sal ammoniac be added to the 
water, it acquires the same smell as when it is . obtained from 
common zinc, 

2. It is the lightest •gfaseous • body with whicli we are specific 

, ® ^ , • gravity- 

acquainted. Biot and Arago found it 0’07;J2, that of air being 
1 .f I prepared it from distilled zinc, pure sulphuric acid, and 
distilled water, and washed it carefully before weighing it. 

I found the specific gravity at 60®, and when the barometer 
stands at 30 inches, to be 0*0693, reckoning air 1. Berzelius 
and Dulong purified hydrogen gas q^ith great care,* and found 
the specific gravity of it, in tjjat state, between 0*0688, and 
(to689.J The difference between this determination and mine 
is rather more than ^i^dth part. I am disposed to consider the 
true specific gravity to be 0*0694, that of air being 1. » This 
is the specific gravity deduced by Dr. Prout, from the specific 
gravity of ammoniacal gas.§ The specific gravity of this gas, 

* Phil. Mag. xlviii. d3S. f Mem. de I’lnstitut. 1806, p. 320. 

t Ann. de Chim. et de Phys. xv. 386. 

§ Annals of Philosophy, vi. 322. 
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Chap. II. as determined by Davy, is 0*590164; while I found it from a 
’’’ mean of three trials 0*59031. The mean of 4hese two numbers, 

which cannot differ far from the truth, is 0*590237. Now 
ammoniacal gas is a compound of 3 volnmes hydrogen gas, and 
^dnp volume of pzotic gas, condensed ^to two volumes. Hence 
(if the^ specific gravity of hydrogen gas be x) w^ have 

^ = 0*59b237, which gives us a* = 0.0694. 

If 1*1111 be the specific griivity of Oxygen gas, and 0*0694 
that of hydrogen gas, then the former is exactly 16 times 
heavier than the latter. Now, by the analysis of water by 
Berzelius and Dulong, we have the weight of a volume of 
hydrogen to a volume of oxygen gas, as 1 to 16*014, which 
diflFers less than xo(j(jth part from the ratio of 1 to 16. Such 

a deviation being fhr within the limits of error from experi- 

ment, it seems to savour of affectation to assume any^other 
^ ratio.* 

^pioy^^to In consequen.^;e of this extreme lightness of hydrogen gas 
loons. ‘ compared with common air, it is employed to elevate weights 

' Hiid raise them to a considerable l^pight in the atmosphere by 

means’' of air balloons. These are large bags of silk covered 
with varnish to make them air tight, aird filled with hydrogen 
gas. Let us suppose tlie balloon to be a sphere of varnished 
silk, 10 feet in duuneter. Its cubic contents will be nearly 
423*6 cubic feet. Now, 423*6 cubic feet of air weigh about 
32J lbs. avoirdupois. But »the same weight of hydrogen gas 
(supposing it pure, will weigh no more than 2 lbs. If therefore 
the silk bag containing the gas weigh less than 30 lbs., it will 
not only float, but actually ascend in the air, and it will ascend 
the higher the greater the difference between the weight of 
the balloon and that of the s’lrroundirig air. A cubic foot of 
^r weighs about .538*18 grains. And 3000 cubic feet weigh 
about 231 lbs. ; while the same volume of hydrogen gas would 
only weigh 14*4 lbs.<. It would therefore be sufficient to ele- 
vate a very considerable weight. But the gas with which 
balloons are filled, is obtained usually from iron turnings, and 

* If«w^ admit the specific gravities of oxygen, azote, and hydrogen, to 
be as follows : 

Oxygen, . . 1*1111 

Azotic, . . . 0‘9722 

Hydrogen, . . . 0'069i 

Then,W)xygcn is precisely 16 times, and azotic gas 14 times heavier than 
hydrogen. 
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is much heavier than pure hydrogen gas, seldom lighter than sect i, 
one-fifth the weigh* common air, and sometimes eren heavier 
than that. On this account, the volume of the balloon requires, 
to be considerably greater than would be necessary, if the gas 
could be employed in a st^e appaoaching to puyty; 

3. Ifr refracts light much more powerfully than* aiy other 
gaseous body, if we take into aetfount itsk small q^cific gravity. 
According to the experiments of Dulong, its remtcting^power 
is 0‘470, that of air being represented by 1.* 

4. As the intensity of sound is diminished by the rarefaction 
of the medium in which it is produced, we would naturally 
expect it to be feebler in hydrogen gas than in common air. 

But Mr. Leslie has shown that the diminution is much greater 
than was to have been expected. He put a piece of clock- 
work, by which a bell is struck every half minute within the 
receiver of an air-pump, and after exhaustuig the air 100 
times, ibtroduced liyd||ogen*gas into it. But the sound, instead 
of being augmented, was much feebler than ii^air rarefied 100 
times. A mixture of hydrogen gas with common air has a 
great influence in blunting jhe sound. If half the volume oP 
atmosphericjil air be extracted, and hydrogen gas admifted to 
fill the vacant space, the sound tvill now become scarcely 
audible.f 

It is well known that sound moves, at least, thrice ns fast in 
hydrogen gas as in air. 

5. All burning substances are immediately extinguished by 

being plunged into this gjjp. It is incapable therefore of sup- 
porting conibustion. , , 

6. When animals are obliged to breathe it, they soon die. 

The death is occasioned merely by depriving the animal of 
oxygen. The animal dies precisely as it would do if plunged 
under water. 

When a mixture of hydrogen and oxygen gases is made in 
the same proportions as common air^^ubslituting hy^lrogen for ^ 
azotic gas, animals put into it ^jreathe without any inconveni- 
ence But from the trials of Messrs. Allen and Pepys, it 
appears to have the curious property of throwing the animal 
into a profound sleep. , • 

7. Hydrogen gas is not sensibly absorbed by water thoi^h 
left in contact with it. When wftt^r has been previously 
deprived of its air by boiling, it- absorbs, according to the 

* Ann. de-Chim. et de Pbys. xxxi. 166. 
f Annals of Philosophy (2d Series), iv. 172. 

I. H 
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Chap, ii; experiments of Dr. Henry, 1‘63 per cent, of hydrogen gas.# 
Saussnre states that water absorbs 4^ per c^it. of it, and alcohol 
^•1 per cent.f But his experiments probably err in giving a 
result rather above the truth. 

8. No pressure hitherto applied, though amounting to fully 
1000 atpio^heres, has had any sensible effect in condensing 
hydrogeu gas or reducing it td a liquid state. It is probably 
the most difficultly condensible of all tlie gases. 

II. Hydfogen has the propertj^ of Combining with all the 
supporters of combustion. The compound which it forms with 
oxygen is water. With chlorine it forms muriatic or hydro- 
cMoric acid; with bromine hydrobromic acid; with iodine 
hydriodic acid; and with fluorine hydrofluoric acid. 

Combines 1. When a lighted candle is brought to the mouth of a phial 
wi oxygen, hyctfogen gas, it burns with a flame scarcely per- 

ceptible in daylight, and having a white or bluish white polour 
if the gas be purp ; when tinged red, or green, or yellow, these 
colours indicate fthe presence of some foreign substance in the 

* If pure oxygen 'and hydrogen gas be mixed together, they 
remaifl unaltered ; but if a lighted taper be brought into con- 
tact with them, or an electric spark be made to pass through 
them, they burn with astonishing rapidity, and produce a vio- 
lent explosion. K these two gases be mixed in the proportion 
of one part in bulk of oxygen gaS and two parts of hydrogen 
gas, they explode over water without leaving any visible resi- 
duum ; the vessel in which they were contained (provided the 
gases were pure) being completely filled with water. This 
important experiment weis made by Scheele but for want of 
a good apparatus he was not able to draw the ►proper conse- 
quences. Mr. Cavendish made tlie experiment in dry glass 
.vessels with all that precision and sagacity which characterise 
► his philosophies^ labours, and ascertained, that after the com- 

watOT**™* bustion there was always^ deposited a quantity of water equal 
in weight to the two gases which disappeared. Hence he 
concluded that the two gases had combined and formed^''tbis 
water. This inference was amply confirmed by the subsequent 
expeVintents of Lavoisier and his friends. Water, then, is 
a compound of oxygen and hydrogen, united in the propor- 
tion of one volume of* oxygen to two volumes of hydrogen. 

* Phil. Trans. 1803, p. 274. \ Annals od* Philosophy, vi. 340. 

:|; Scheele on Air and Fire,p. 57; and Crell’s Annals, iii. 101. Engl. 
Trans. 
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But the specific gravity of oxygen gas is 1*1 111, and that of ^ 
hydrogen gas 0*0CT4, So that oxygen gas is 16^times heavier 
than hydrogen gas. Therefore water is composed by weight 
of 

t)xygen, ' . . 8 *1* • 

Hydrogen, . . . ^1 O’ 125 ^ 

If- therefore we suppose water to be composed of ona atom of 
oxygen and one atoiA- of ‘hydaogen, and repres^t the weight 
of an atom of oxygen by 1, the weight of an atom of hydrogen 
will be O’ 125. 

A stream of hydrogen issuing from a tube may be set on 
fire by bringing in contact with it an iron just visibly red hot. 

At lower temperatures it does not burn with flame ; but 
silently combines with the oxygen of the atmosphere, and is 
concerted into water. 

Davy found that « mi^re of two voluqies hydrogen and 
one volume oxygen, would not bum by an electric spark when 
expanded to 18 times their natural volume, but when tlie tulje 
containing the gases was heated nearly to redness and an elec- 
tric spark passed, a feeble flash o|’ light was visible inflicating 
a combustion. 

When 100 volumes of air are mixed with 42 volumes of^{J^^^‘«> 
hydrogen gas, and an electric spark passed througlT the mix- 
ture, a detonation takes plSce, the oxygen of the air is con- 
sumed, and the residue consists chiefly of azote. This is the 
easiest method of analyzing air. Glay-Lussac and Humboldt 
found, that when the experimentsnvere made with the requisite 
accuracy, the volumes of oxygen gas in 100 volumes of air 
indicated, are almost exactly 21 volumes. As water is formed 
by the union of 2 volumes hydrogen and 1 volume of oxygen, 
the diminution of bulk divided by 3, gives the volume of oxy? 
gen gas in the mixture. I made a set of experiments with 
every attention to accuracy that I wuld4hink of, in order to 
obtain correct results. The air employed was collected over 
JW^een field at some distance from houses, and the hydrogen 
gas was prepared by means of distilled zinc, pure sulphuric 
acid and distilled water. The retort employed was comjfletely 
filled with the mixture, and the hydrogen for the analysis of 
the air was used as it was issuing out*of tlie beak of the retort 
without being allqjved to stand over water. .The result of 
these experiments was as follows. - 

Unless we mix 42 volumes of hydrogen gas with 100 of air 
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Composition 
of air. 


tlie combustion is incomplete, a little oxygen escaping the 
action of thff hydrogen. Thus a mixture volumes wr 

apd 40 hydrogen being fired, the diminution of bulk was only 
57, indicating only 19 per cent, of oxygen in the air. A* 
Oiixlure of 100 {''olumes air awd 42 h^drogenHbeing fired, the 
doss'^of bjilk was precisely 60 volumes in three experiments; 
indicatingb20 vojjimes of oxygeri. When the quantity exceeds 
42 volunnes of hydrogen, the loss of volume after firing con- 
stantly increases with the hydrogen. '-‘When we mix 100 
volumes of air with 100 of hydrogen, the diminution of bulk 
by firing such a mixture, was 64 volumes, indicating 21^ 
volumes of oxygen.* As the diminution of bulk depends upon 
the proportions in which the air and hydrogen are mixed, it is 
clear that this method alone is not sufficiently precise to g^ve 
us the volume of oxygen in common air. I therefore left a 
hundred volumes of air standing over mercury to the action of 
phosphorus during, two days in the* summer of 1824. ‘ The 
diminution of bulk after washing the residue in water was 
c^sidered as the oxygen abstracted by the phosphorus. The 
mean of ten experiments made in this way gave the composi- 
tion of common air. ^ ^ 

Oxygen, . . 20*0265 volumes 

Azotic, , . * . 79*97S5 

ioo 

Tills differs by little more than from 20 volumes 

oxygen and 80 azote, and as my measures were not minute 
enough to enable me to determine within P^^l- 

bulk, I consider myself entitled to consider the volume of 
oxygen in common air, as sensibly 20 per cent.f Hence it 
is obvious, that in order to deprive 100 volumes of air of the 
whole of their oxygen (exactly) by combustion, we must mix 
them with 42 volumes of hydrogen gas, which is a redundancy 
of g'y part of the whole. If jve employ less, some oxygen 
remains unconsumed ; if we employ more, some ammoniir is 
formed, which diminishes both the residual hydrogen and the 
azote,* and thereby makes the loss of bulk, and consequently 
the.oxygen too high. 

K we put a few pieces of zinc with dilute sulphuric acid 
into a common eight ounce phial, furnished with a perforated 


• First Principles, i. 96. 


t Ibid. i. 98. 
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cork, through which a small glass tube passes, liaving its upper 
extremity drawu^to a capillary bore, the hydrogen gas issues 
through this tube at first with great violence ; but when tije 
'action of the acid on ttie zinc diminishes, the gas issues more 
slowly, and*in Smaller •quantities. When this is the 
if w^ set fire to the gas as it issues, and then slip ^he ^lass ( 
tube a over it, pretty loud sounds are produoed. 

These sounds vary, with the size and length of the tube, 
and with the height, of tlie tube b, in the tube^ The 
most musical notes are produced when the tube a is 
about 3 feet long, and rather narrow, and when the tube 
b does not pass higher up than an inch or two. These 
tones were first produced by Dr. Higgins, in 1777, while 
exhibiting the formation of water, by the combustion of 
hydrogen gas.* The cause of these sounds was first 
explained by Mr. Faraday, who showed that small suc- 
cessive explosions take place in the tube, by the com- 
bustion of mixed portions of aif and hydrogen. The 
vibrations produced by these explosions produce the 
sound. 

When a mixture of oxygen ai^ hydrogen gases is s5t 
on fire, they burn with very little light ; but produce a 
most interne heat. This mixture was first employed as 
a blow-pipe, by Dr. Hare of Philadelphia, about *the 
year 1800 or 1801, and he* succeeded, by means of it, 
in fusing the most refractory mineral substances.f More 
lately it was revived by •Dr. Clarke, who, at the suggestion of oxy-hydro^ 
Mr. Newman, introduced a mixture of the two gases into 
Brooke’s blow-pipe, and condensed them, and then set fire to 
the mixture issuing out of a capillary tube. The results 
obtained by him, were nearly the same as those which had 
been already made known by Dr. Hare. I contrived an oxy- 
gen and hydrogen blow-pipe, in the year 1841j and made many 
experiments on its powers ; but as* almost all my results had 
be^ anticipated by Dr. Hare^ I never thought it worth while 
4o^ve any of them to the public. My trials were confined 
chiefly to the metals, all of which, that I had an opportunity of 
trying, I found I was able to melt by this powerful instt^iment. 

I have been annually in the habit exhibiting the effects of 
this blow-pipe to my students, and a» the instrument is simple, 

^ Nicholson’s Journal, i. 130. 

f Ann. de Chini. xlv. 1 13. 
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and lias not hitherto been 
described/ it may be worth 
while to exhibit an outline of 
it hereP 

I .A^nd B aife two ab-holders > 

of which A has double the 
capacity of B. From each 
of these air-holders proceeds 
« the' tubes d and e, about 5 feet 
long, and terminating in the 
bottom of the open vessel C, 
which is capable of holding as 
much water as will fill the two 
vessels, A and B, completely. 
d and e have the stop-cochs J" 
and g, and they are screwed 
inter the top and bottom of B, 
A, and C, by means of right 
imd left handed screws. From 
the* top of A and B proceed 
the tin tubes h and having 
the stop-cocks k and I, and ter- 
minating eacii by grinding into 
tlie common stop-cock m. The 
air-holder A is filled with hy- 
drogen gas, and the air-holder 
B with oxygen gas. The vessel 
C is 'filled with water. By 
opening the stop-cocks /"and 
g, the water runs down into 
the gas-holders A and B, and 
compresses the gases. When 
the stop-cocks A, /,'>and m are turned, the gases are forced along 
the tin tubes, and mixing/ together in the conunon stop-cock 
tube /w, issue at the point o with*great violence. As they issue 
from o, they are set on fire, and form a jet of white flame scarcely 
visible. The hydrogen gas would issue in too great propor- 
tion ; Buf this is easily regulated by opening the stop-cocks 
.k, /,*more or less respectively, till the flame of thejet is brought 
to a very small diameteT,jja£hd becomes white. The substances to 
be acted on are merely placed within this fleme. Earths and 
powders I usually put into the mouth of a tobacco pipe. Tlie 
two most splendid illustrations for exhibition to a class, arc the 
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cmbustion of a piece of watch spring, and the ei^osing a ^ 
quantity of quicklkfte in a tobacco pipe mouth, to 4he oxygen ' 

and hydrogen. The large sphere of brilliant sparks evolve<i^ 
fFom the watch spring, eand the intense white light given out 
by the lime, m s^endid that theasye can scarcgly bear it, a/e, 
peculi?5'ly fine. 

Water is a transparent and* colourless liquid, destitute of 
smell, and nearly without taste. It freezes at 32° and^oils at 
212°. Its density is greatest a# the temperature ^f 39°‘38, as 
determined by Halstroem. 

According to the determination of Captain Kater, and the * 

other scientific commissioners appointed by the British govern- 
mcnt, to contrive the best means for fixing an invariable standard 
of weights and measures, a cubic inch of distilled water, at the 
temperature of 62°, and when the barometer stands at 30 inches, 
weighed in air with brass weights, weighs 252*458 grains, 
and in vacuo, 252*722 grains. Hence at ijie temperature of 
60°, the weight of a cubic inch of water, weighed in air by brass 
weights, is almost exactly 252*5 grains^ 

Water being the substance most easily procured in every 
part of the earth in a state of pujity, it has been chdsen by 
universal consent, to represent the unit of the specific gravity 
of all solid and liquid ^bodies. When we say that the specific 
gravity of a body is 2, we mean that it weTglis twied as much 
as the same volume of water would do. Now a cubic foot of 
water, at the temperature of 60, arrd when the barometer stands 
at 30 inches, weiglis 998*217 avoirdupois ounces, which is 
only 1*783 ounces less thdh 1000. Hence if we know the specific 
gravity of a body, we have very nearly the weight of a cubic 
foot of it in avoirdupois ounces. 

From the experiments of Biot and Arago, we learn that 100 
cubic inches of air, at the temperature of 60°, -and when the 
barometer stands at 30 inches, weigh 31*1446 grains. Hence 
it follows, that water, at that tenfperafUre and pressure, is 
810(734 times heavier than aif. 

^ w^hen water shoots into ice, it forms, in the first place, a crystal, of 
prism not very regular in its shape, but very long. From 
this primary prism other smaller ones shoot out on bdth* sides, 
and always at angles of 60° and 12J1. Hail is always crystal- ^ 
lized in the form of two six sided j^amids, applied base to 
base. The faces <if the two pyramid meet at angles of about 
80°, and one of the pyramids is always truncated.* Dr. Clarke 
* See Smithson ; Annals of Philosophy (2d series), v. 340. 
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Water a neu- 
tral body. 


Deutoxide of 
hydrogen. 


observed regular crystals of ice at Cambridge, on the 3d January, 
1821. They were rhomboids, the faces ofH/hich were inclined 
to each ^other, at angles of 120® and 60®.* Bemardi has 
endeavoured to deduce from considerations connected witn 
. dnystallography, that the primary fonn of ice must be a rhom- 
boid vqjry nearly agreeing with that of calareous spar.f^ 

Water, if \ye are to- judge from the combinations into which 
it enters, is a neutral substance. It shows little tendency to 
combine with simple bodies, ‘^whether supporters, or acid or 
alkaline bases. But it combines, and apparently with equal 
readiness, both with acids and bases ; though without dis- 
guising their peculiar properties, or neutralizing their energies. 
It would be improper to consider the combinations which water 
forms with the alkaline bases, (though it combines with them 
in definite proportions) as entitling it to be called an acid. On 
this account, the term hydrate^ applied to these combinations 
by Proust, and now generally employed4)y chemists, is some- 
what objectionable. Far less should we view it as an alkali 
when it enters into de^nite combinations with acids. It enters 
as a constituent into many salts, and its presence or absence, 
and when present, its quant^y, produces considerable differences 
in the specific gravity, the hardness and the shape of the salts. 
Of this we shall see many examples, when \ come to g^ve an 
account 6f the salis. 

It is not easy to form an accurate idea of the way th^t water 
unites with other bodies. The electric theory of combination 
will scarcely apply to it, or, at least, we cannot determine 
except from analogy, whether it, be 'positive or negative with 
respect to those bodies with which it unites. For if we attempt 
to decompose such compounds, the water is always in the first 
place reduced to its elements. 

, Hydrogen is capable of uniting with an additional dose of 
Oxygen, and of forming a new liquid compound, which may be 
distinguished by the- nam^ of devtoxide of hydrogen. Forethis 
important discovery we are iisdebted to M. TTienard. ..His 
method of proceeding was to dissolve peroxide of barium,^ 'la 
diluted muriatic acid, and then to precipitate the barytes by 
mean§ df sulphuric acid. This process is repeated a number 
of times, and then the muyiatic acid is removed by treating the 

* vii. 189. 

f ^hwe^c^lldirbuch, iu I. 

4 K substance i^ch will be described in a subsequent part of this work. 
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liquid with sulphate of silver. The sulphuric acid itself is now *• 
thrown down by BiJeans of barytes or peroxide ^f barium. 

Nothing remains but a mixture of water and deutoxide of 
hydrogen. This mixtifte is put under the exhausted receiver 
of an air-pum^, albng witl» sulphtB-ic acid, the water gradualiy 
evapor^es and leaves the deutoxide of hydrogen in a state of 
purity. Its properties are as follows : • 

Its specific gravity is 1*453. Hence,' when nour^ into Properties, 
water, we see it fall to the bottom of that liquid IBce a sort of 
syrup, though it is very soluble in it. It attacks the epidermis 
almost instantly, and produces a prickling pain, the duration of 
which varies according to the quantity of liquid applied to the 
s kin . If this quantity be too great, or if the liquid be renewed, 
the skin itself is attacked and destroyed. When applied to the 
tongue it whitens it likewise, thickens tlie saliva, and produces 
on the , organs of taste a sensation difficult to express; but 
which approaches to tiiat of tartar emetic. % 

Unfortmiately this extraordinary compound«cannot be pre- composition, 
served. If left to itself, whether in thi dark, or exposed to* 
the light, it undergoes spontaneous decomposition, oxygen gas 
being given out. It might, perhaps, be preserved if it were 
surrounded with ice. But this method, at least in this country, 
would scarcely be pracllicable. Whefi heated to the tempera- 
ture of about 80°, it is decomposed with a violent explosion, 
oxygen ^s being evolved in great abundance. This experi- 
ment cannot be made with safety without diluting the deutoxide 
with a good deal of water? When thus diluted, the oxygen 
gas evolved may be collScted ov6r mercury. M. Tlienard 
found that one volume of deutoxide, thus treated, gave out 475 
volumes of oxygen gas. From this he concluded, that it con- 
tains just twice as much oxygen, combined with hydrogen, as 
water does. It is therefore composed of 

Hydrogen . . 1 

Oxygen . •. • 16 

Hen( 3 p If water be a compound «f one atom oxygen and 1 atom 
hyrifogen, the deutoxide must be a compound of two atoms 
oxygen and one atom hydrogen ; or of 

1 atom hydrogen = 0*125 * 

2 atoms oxygen 2*000 

’2*125 

so tliat an atom of- deutoxide of hydrogen weighs 2*12& 

It has been exposed to a cold of — 22° without congealing. 
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ciup. II. This substance exhibits a very remarkable set of phenomena, 
when acted on by other bodies; in conse^tience of wliich, if it 
. could be produced at a sufficiently cheap rate, it would con- 
stitute one of the most important of substances in chemical 
ibvesti^tions: As it is caj^ble ofrbeing r^solted into oxygen 
gas and water, by a temperature not exceeding 80°, it .must be 
obvious, thatruiany substances which have a strong affinity for 
oxygtTa, or for water, must be capable of decomposing it. 
But many bodies are capable!* of producing this decomposition 
by simple contact, without entering into combination either 
with the oxygen or water. For all the facts relative to these 
decompositions, hitherto determined, we are indebted to M. 
Thenard. I shall here g^ve as concise an account of them as 
possible, consistent with clearness. 

Artion ^dic. The substances, in order to act upon deutoxide of hydrogen, 
stances on. should be' in the state of a fine powder. When in this state, 

' every drop of deutoxide let fall upon tlfbm, produces a detona- 
tion with the sudden evolution of heat, and often of light. 

• The best way is to pflt the substances into a glass tube, and to 
let fall upon them, by means of a sucker with a capillary mouth, 
the deutoxide of hydrogen, drop by droj). 

'Charcoal and seleniiun are the only §imple non-metallic 
bodies which act upon *it. The selehium is acidified. The 
charcoal expels the oxygen without combining with it. 

Silver, platinum, gold, osmium, palladium, rhodium, and 
iridium, when in the stat^ of fine powder, decompose it with 
violence, driving off the oxygen Without combining with it. 
I am disposed to ascribe tKese decompositions, in part at least, 
to the elevation of temperature, produced by the capillary 
attraction of the liquid into the pores of tlie' powders. For 
when they are in the state of filingps or lumps, they still act, 
but very feebly and slowly. 

Lead, bismu'‘.,h, and mercury, exercise an action, slow at first, 
but gradually inerdhsing’in energy. . .The oxygen is driven off, 
and the met^ are not oxydhfed. 

Cobalt, nickel, cadmium, copper, act very feebly, lion, 
tin, tellurium, antimony, seem to have no action whatever. 

Ar^nic, molybdenum, tungsten, chromium, as well as potas- 
sium and sodium, are oxydized ; but a considerable proportion 
of the oxygeii is expelled. Arsenic, molybdenum, potassium, 
and sodium, act with great energy, light being disengaged. 
M^ganese and zinc are likewise oxydized; but the action, of 
the last of these metals is very feeble. 
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The metallic sulphurets exhibit phenomena easily explicable. *• 

Those of the alkalintf ^ases are converted into sulphates ; those 
of the acidifiable bases are converted into acids, while the sul- 
phur is disengaged. 

The action o^th^ metallic oxide#is very varioiw. ^Barytesi 
strontianj lime, oxide of zinc, the two oxides of copper, «)xide 
of nickel, protoxides of iron, manganese^ tin, cobalt, ansenic, 

&c. doubtless absorb oxygen, and are converted into perosides. 

Most of the calcined oxide’s expel the surplus oxygen from 
the deutoxide. 

Massicot, teroxide of manganese, peroxide of cobalt, and 
hydrous peroxide of iron, exercise a more violent action, but 
are not themselves altered. 

The oxides of silver, gold, &c. act wifli great violence, and 
not only decompose the deutoxide, but are themselves reduced 
to the metallic state. 

Finally, it may be nftntioAed that the addition of any acid 
to the deutoxide of hydrogen, renders it more permanent, and 
has a tendency to prevent the disengagemeflt of oxygen from it* > 

2. The compound of hvdroffen and chlorine is known by Hydrogen 

1 r ^ unites to chlo. 

the names or muriatic acid or hydro~Vf^'*'C acid. It has been 
long known, and is one of the most powerful and useful of all 
the acids in a chemical laboratory. 

If equal volumes of chlorine and hydrogen be put*into a 
glass tube and exposed to the 3irect rays of the sun, an explo- 
sion takes place. This curious fadt was first observed by 
Gay-Lussac and Thenard.-|^ When two equal glass vessels, 
ground so as to fit each other an<f filled, the one with dry 
chlorine and the other with hydrogen, are placed in contact 
and exposed to the light of day, but not to sunshine, the 
yellow colour gradually disappears and the mixture becomes 
colourless. If it be now examined it will be found converted 
into pure muriatic acid gas, equal in bulk to the vqjlume of 
the two gases before combination.:!: •Hente it follows that 
tins ga^ is a compound of chlorin# and hydrogen. The expe- 
rimffits which led to this conclusion were first made by Gay- 
Lussac and Thenard. But the consequence was first drawn 

* See Annals of Philosophy (2d series), iii. 41. , 

t Recherches Physico-Chimiques, ii. 129. **rtie discovery was likewise 
made by Dalton, who communicated it to me by letter before the publica- 
tion above quoted appeared, 
t Ibid. p. 128. 
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by Sir Humpbry Davy, who thus revived the original opinion 
of Scheelte, the discoverer of chlorine 

MuriaUc add, called hydrochloric add by Gay-Lussac, is 
a gaseous body, invisible and elastic like common air, and 
iiaving a^pewiliar smell an€ a very sour taSte.* Water absorbs 
it with g^eat avidity, so that it can be preserved ionly over 
mercury. J^o combustible body will burn in it : and it 
destwys life instantly when an attempt is made to breathe it. 
Indeed it cannot be drawn <n to* the lungs; the glottis being 
spasmodically shut whenever it comes in contact with this gas. 

Its specific gpnvity is the mean of that of chlorine and 
hydrogen, or 1*2847.* 

As muriatic acid gas consists of a combination of equal 
volumes of hydrogen gas and chlorine gas, it is obvious that 
the specific gravity of those gases exhibits the weight of each 
which enters into the composition of the acid. It is, Jiherefore, 
composed of 

•Hydrogen 0*0694 or 1 or 0*125 
Chlofine 2*5000 36 4*5 

Bu^ we have seen already, that "an atom of hydrogen weighs 
0*125, and an atom of chlorine 4*5. Muriatic acid, therefore, 
is a compound of one atom of each constituent, and its atomic 
weigh| is 4*625^ 

Davy ascertained that a mi: 5 ture of chlorine and hydrogen 
gases burns at a much lower temperature, and produces a greater 
degree of heat during the combustion, than oxygen and hydro- 
gen gases. These last gases ceased to explode when rarefied 
18 times. But the mixture of chlorine and hydrogen is still 
combustible when rarefied 24 times. 

When this mixture is fired by electricity, the flame is large 
and wlute. 

Muriatic acid is so important a substance, that its properties 
deserve* to btf detailed at greater length than would suit so 
early a part of this wofk. I shall, therefore, delay the account 
of it till I have finished the history of the simple substances. 

So far as we know at present, chlorine and hydrogen Com- 
bine only in one proportion. 

3.* The combination of hydrogen with bromine, is called 

* A set of experiments «inade in my laboratory gave the specific gravity 
of muriatic acid gas 1*2843^ which almost coincifles with the number in the 
tefft. 
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hydrobrwnic ctdd. We are indebted to M. B^ard, for all the 
knowledge of this coafpound which we at present popess. 

It may be obtained by mixing with sulphuric acid, the 
cubie crystals, produced i« M. Balard’s process for obtaining 
bromine, and forjaeriy mentioned,.* v^d heating th^mixture in 
small retort, the beak of which is plunged under mercJliry^ A 
gas comes over, which is hydrobronlic acid.. But when ob^pined 
in this manner, it is not quite pure, being usually mixedjwith 
some sulphurous acid, and frequenUy with muriatic aAd. The 
best method of obtaining it is to moisten the compound 
bromine and phosphorus (bromide of phosphorm) with water in “‘•J- 
a small retort, and to expose it to the heat of a lamp, while 
the beak of the retort is plunged under mercury. Hydro- 
bromic acid gas comes over in abundance.f 

Hydrobromic acid is a colourless gas, having an acid taste, properties, 
and smgking when mixed with atmospherical air. It is not 
altered when left standing over mercury; but ^^^ter absorbs it 
in abundance, and when saturated with it, constitutes liquid 
hydrobromic acid. When tin is heated i» this gas it combines 
with the bromine of the acid, and leaves the hydrogen. Potas- 
sium produces the same decomposition at the common terilpe- 
rature of the atmosphere. When 100 volumes of the gas are 
thus decomposed, the* residual hydrogen gas amounts to precisely 
50 volumes. From this it follows, that hydrdbromic ac4d, like 
muriatic acid, is a compound^of equal volumes of bromine 
vapour and hydrogen gas united together, witliout any altera- 
tion in bulk. 

When chlorine gas is mixed with hydrobromic acid, the 
bromine is immediately precipitated in drops, and muriatic 
acid formed, equal in volume to that of the original gas. - But 
it is not decomposed by oxygen nor iodine even at a red heat. 

Neither is bromine capable of decomposing water when the 
mixed vapours of the two liquids are passed thrcipgh an ignited 
porcelain tube. 

There can be no doubf from Jbhe analogy of chlorine and 
iodys^that a volume of bromine vapour represents an atom. 
Plydrobromic acid then must be a compound of 1 atom bromine 
and 1 atom hydrogen. Hence its atomic weight must« be 
10*125. I have shown elsewhere that its specific gravity wiU 

be obtained by miJtiplying its atomic weight by 0*2777, or ^th 

• * 

See page 71 of this volume, 
f Ann. de Chim. et de Phys. xxxii. 347. 
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the specific gravity of oxygen gas."*^ Hence the specific gravity 
of hydrohromic acid gas ought to be 2*6125. 

4. Hy^ogen and iodine, when united together, constitute a 
gaseous substance, distinguished by iJie name of hydriodic Scid. 
Jt seems to <have been first discovered by M. dement; but its 
natu^re and properties were first investigated by I)avyf and 
Gay-rLussa^.:}: 

It may be obtained by mixing together four parts of iodine 
and one *part of phosphorus, moistening the compound with 
water and heating it in a small retort. A gas comes over 
which must be received over mercury. This gas is hydriodic 
acid. 

It is colourless and elastic like common air. It has a smell 
similar to that of muriatic acid, and a very acid taste. 

When this acid is left in contact with mercury it is decom- 
posed, the mercury combines with the iodine and forms an 
iodide, while a quantity of hydrogen g:is is disengaged exactly 
equal to haF the bulk of the hydriodic acid gas. It is 
decomposed likewisj by chlorine, muriatic acid is formed, and 
the iodine is deposited. These experiments leave no doubt 
aboUt its composition. It consists of one volume of vapour of 
ipdine united to one volume of hydrogen gas, without any 
change of bulk. Hence it is composed by weight of 
^ Iodine . . 8-75 . or . 15-75 

Hydrogen . 0-0d94 . . 0-125 

We see from this that it is composed of an atom of iodine 
united to an atom of hydrogen. And its atomic weight must 
be 15-875. 

Its specific gravity should be obtained by multiplying its 
atomic weight by 0-2777. This gives 4.40972 for the specific 
gravity of this gas, a number not differing so much as one per 
cent, from 4-448, the specific gravity of this gas determined 
by Gay-Lussj-C by actual experiment.§ 

Water absorbs this acid with avidity. When exposed to a 
heat below 262®, the water is driven off and the acid becomes 
concentrated. In this way its specific gravity may be inci^^ased 
to 1-7. At 262° the acid boils and may be distilled over. It 
reddily dissolves iodine, and becomes of a darker colour. It 
becomes dark coloured also by exposure to the air, being partly 
decomposed. 

* See First Principles of Chemistry, i. 246. 

t Phil. Trans. 1814, p. 74. J Ann. de Chim. xci. 9. 

§ Ann. de Chim. xcL 16. 



HYDROGEN. 


5. It is at present generally admitted by chemists, that^eiortc 
acid is a compound and hydrogen; though hitherto 

it lias been impossible to decompose it, or to obtain the fluorine 
in a separate stote. 

Scheele first snacfe this aoid known, but he did^not obtain Sw 
in a state of purity. For the first process, for procuring this 
acid pure, we are indebted to Mr. Knight.* ^ut ib is to 
Gay-Lussac and Thenard that we are indebted for th» firet 
examination of its properties.*f 

It is obtamed by putting a mixture of pure fluor spar and 
sulphuric acid into a retort of lead or silver, and distilling 
into a leaden or silver receiver. It is a colourless liquid, of 
the specific gravity 1-0609. It smokes strongly when exposed 
to the air. It acts with prodigious energy upon the skin. 
The smallest speck occasioning sores. If we conclude from the 
analogy of the other hydracids that fluoric acid is a compound of 
* 1 atomafluorine . . 2*25^ 

1 atom hydrogen . . 0'125, 


2*375 

its atomic weight will be 2*375. 

I reserve a more detailed account of this important acid, ^to 
a subsequent part of this work. 


Such are the compounds which hydrogen forms with the 
supporters^ so far as the si|bject has been investigated. No 
attempts have been made to unite it with a greater quantity of 
chlorine, bromine, iodine, or fluorine, than exist in the respec- 
tive hydracids, which have been just noticed. There is little 
doubt from the analogy of the deutoxide of hydrogen, that they 
might all be made, to unite with it in a greater proportion. 

The order in which these compounds of hydi^gen and sup- 
porters are decomposed by the supporjprs, ijiay be represented 
as follows. 

Hydrogen Oxygen 

Fluorine Bromine 

Chloruie Iodine. 

That is to say, that hydriodic acid is decomposed by all tlie 
supporters except iodine ; hydrobromffi §icid is decomposed by 
chlorine and oxygen,^but not by iodine*; water is decomposed 

* Phil, Mag. ( 1st series) xvii. 357. 
t Kecherches Physico-Chtmique> ii. 2. 
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by chlorine, at least when assisted by light ; but not by bro- 
mine nor ^odine. As to fluoric acid ifci&not decomposed by 
any of the supporters, even when assisted by heat. Notwitli- 
standing this order of decomposition, at is pretty obvious, tlvat 
V^ygen (at l^ast at common temperatures) is, more negative 
than chlorine. I endeavoured in a preceding part of this work 
to account for the apparent ioiomaly in the action of chlorine 
on w^ter, and need not therefore resume the subject here.* 

SECTION fl. OF AZOTE. 

This gas, which constitutes so great a portion of common 
air, was first recognised as a peculiar substance in 1772 by 
Dr. Rutherford, afterwards Professor of Botany in the Uni- 
versity of Edinburgh.-j- Scheele, in his treatise On Air and 
Fire, published in 1777, showed analytically that air is a 
mixture of oxygen and azotic gases.J But Lavoisier informs 
us that he recognised the existence of , azote in air as early as 
1773.11 And, indeed, in his Essays, published in 1773, there 
is a chapter on the . properties of air in which phosphorus has 
been burnt. But how he could ^recognise the constitution of 
air before the discovery of oxygen, it is not easy to understand. 

Azotic gas being one of the constituents of common air, is 
easily procured from it by different prpeesfees. 1. If we leave 
a stick I of phos])horus in a jar of air inverted over water or 
mercury till it ceases to smoke, (which in summer will be the 
case in 24 hours,) the ga^ remaining in the jar, aftey having 
been washed with water is azotic]^ gas. 2. If we mix 100 
volumes of common air and 42 volumes of hydrogen gas, and 
pass an electrical spark through the mixture, or put into it a 
platinum clay ball, combustion takes place and the residual 
gas is azote very nearly pure. 3. If we mix in a wide jar 

* See Iii[troduc,*ion, p. lO, &c. 

f See his thesis De,Aere ^ephitico, pab]Mied in 1772.—“ Sed aer salu- 
bris et purus respiratione aniaiali noit parte fit mephiticus, sed et 

aliam indolis »ucb mutationem inde patitur,. Postquam enim omnis'uer me- 
phiticus {carbonic acid gas) ex eo, ope lixirii caiistici secretus et abdifiJtus 
fuerit, qui tamen restat nullo modo salubrior inde evadit; nara quamvis 
nullaia-^ex aqua calds prsecipitationem faciat hand minus quam antea et 
flammani et vitam extingmt” page 17. When Hauxhee passed air through 
rM-hot metallic tubes, he mu»t have obtmned this gas ; but at that time the 
difierence between gases jras ascribed to fumes held in solution. See 
Phil. Trans. Abr. v. 613. 

liEnglish Translation, p. 7. 

II See his remarks on Scheele’s works, Mem. Par. 1781, p. 397. 
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standing inverted over water, 100 cubic inches of common air 
with 80 cubic inch^ of deutoxide of azote,* a grqjit diminu- 
tion of volume takes place, red fumes appear which are ab- 
sorbed by the water, and»about 80 cubic inches of a gas remains 
which is azot^ nearly in^a stat^ of purity. 4. If a smaji 
tubulated retort be filled with chloride of lime or1)leaching 
powder,* brought into the consistency of, cream by watgr, and 
pieces of sal ammoniac be put into the retort througji the 
tubular, a pretty strong elForvesgence takes place^nd azotic 
gas is disengaged abundantly. It may be collected over water 
by plunging the beak of the retort under the mouth of an 
inverted jar standing in the water trough. When thus pro- 
cured it is quite pure; provided suflBcicnt care be taken to 
exclude all common air from the inside of the retort containing 
the mixtures of clioride of lime and sal ammoniac. 

1. Azotic gas possesses the mechanicid properties of common Properties, 
air. tike that fluid it^is destitute of colour, taste, and smell. 

2. Its specific gravity was determined by Bfot and Arago at 
0’969.f I took the specific gravity of apportion of this gas, 
prepared with much care, to ensure its purity, and obtained 
0'973(), reckoning the specific gravity of common air to be 
unity. It will appear afterwards iTom the facts about to be 
stated in this sectioi*, ^at the atom of q^ote weighs 1*75. Now, 

1*75 X 0*5555 =z 0*9722; which must therefore be the true 
specific gravity of this gas. IM;ommon air be a mixture of 80 
volumes of azotic gas and 20 of oxygp n ; and if the specific gra- 
vity of oxygen gas be 1*1 HI, then that of azotic gas must be 


nn^oo u- 20 X 1*1111 4- 80 a; - 
0*9722. For 100 = land a; 


0*9722. From 


all these circumstances there cannot be the least doubt that 


the frue specific gravity of this gas is 0*9722. 

3. It refracts light rather more powerfully than air. If we 
reckon the refracting power of air 1, then th^t of azotic gas 
will be 1*020, as determined by Dulo^jg.J • 

4. It cannot be breathiS?! by, animals without suffocation. 
If qj^liged to breathe it they die very soon, precisely as they 
would do if plunged under water. Hence the term azote 
given to this substance by the French chemists, which sigoifies 
“ destructive of life.”|| 


* A gas to be described in a subsequent psirt of this section, 
t Mem. de I’Instit. 1%06, p. 320. 

1 Ann. de Chim. et de Ph}’s. xxxi. 166. || From a, and 

I- I 
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No combustible will burn in it. Hence the reason that a 
candle co:gfined in a given portion of ah* goes out as soon as 
the oxygen surrounding it is consumed. 

5. This gas is not sensibly absorbfd by water ; nor indeed 
^re we acquainted with any. liquid^which has Jhe property of 
condeusiiig it. Dr. Henry ascertained, tliat when water is 
previojisly deprived ^f all die air which it contains, 100 inches 
of it ,are capable of absorbing only 1'47 inches of azotic gas 
at the ten perature of 60'’.’*: According to Mr. Dalton, the 
quantity of azote which 100 cubic inches of water take up is 
2^ cubic inches.f But he drew this conclusion from theoreti- 
cal considerations, the justice of which is rather problematical. 

6. No degree of pressure and cold hitherto applied has been 
able to condense this gas into a liquid state. It is certain that 
a pressure of 1000 atmospheres is not sufficient for this pur- 
pose. 

II. Azote has doubtless the property, of uniting with all the 
sujiporters of combustion ; though chemists have not yet been 
able to investigate all of these combinations in a satisfactory 
manner. The following facts, however, have been ascertained. 

l-i With oxygen it unites in no fewer than five different 
proportions, constituting the five following compounds. 

1. l^rotoxide of azote, - 

2. Deutoxide of azote, 

3. Hyponieeous acid, 

4. Nitrous acid, 

5. Nitric acid. 

The last of these compounds exists' in saltpetre, which is a salt 
composed of nitric acid and potash. This salt forms sponta- 
neously in the soil of different countries. The presence of 
animal matters and of lime have been found to promote its 
formation. It is obtained in different parts of the world by 
lixiviating the soil and evaporating the lixivium to dryness, 
or till crystals arc deposited. These crystals are afterwards 
purified by a second crystallization. 

When 12*75 parts of pure saltpetre, previously rendered as 
dry as possible by exposure for some hours to a heat above 
21^,_are mixed in a retort with 6*125 parts of sulphuric acid 
of the specific gravity 1*837 ; and heat applied by putting the 
belly of the retort into u sand bath placed on a furnace, a red 

* Phil. Trans. 1803, p. 274. 

t Annals of Philosophy, vii. 219. Saussure makes the quantity 4*1 
cuCic inches (Ann. of Philos, vi. 340), but he seems to have overrated it. 



AZOTE. 


U9 


fuming liquid passes into tlxe receiver, which is nitric acid, sect ii. 
The retort should haf'e an adopter luted to it, and the receiver 
should be kept cool, either by being surrounded by a mixture 
of snow and salt, or at least by being kept always wet with a 
current of cold-water constantly renewed. When the proper* 
tions of» saltpetre and sulphuric acid mentioned aboifc are 
employed, and the distillation pfoperly conducted, the* nitric 
acid obtained is as strong as possible ; though from th» high 
temperature requisite to distil it aver, a portion of ft is always 
decomposed and destroyed during the process. The conse- 
quence of this decomposition, is the evolution of oxygen gas 
(mixed with iizotic gas), towards the end of the process, in 
considerable quantity. 

Nitric acid thus obtained is a yellowish red liquid, which Nitric acw. 
lias a peculiar smell, and smokes when placed in contact with 
atmospheric air. When heated a gaseous matter is driven off, 
and it Ifecomes colouijess like water. I ha^e never myself 
by this process obtained nitric acid of a higher ^specific gravity 
than 1*534. But it is said to have beeii obtained as high as 
1*55. Its taste is intensely gour. When applied to any part 
of the body it acts as an escharotic and speedily prodvtees a 
sore by destroying the texture of the jiart. It is one of ^e 
most jiowerful and mos^ useful of all tlie acids. 

Nitric acid combines readily with poteislf and concerts it 
into nitrate of potash or saltp<ltre ; the salt from which it was 
originally obtained. Saltpetre is a, white salt, which crystal- 
lizes in six sided prisms, Jias a cooling and saline taste, and 
produces no alteration in vegetable .blue colours. It is there- 
fore neutral, and composed of an integrant jiarticle of nitric 
acid united to an integrant particle of potash. Now, I find 
that if we take a quantity of carbonate of potash, containing 
exactly 6 parts of potash, and saturating it with nitric acid, 
evaporate the whole to dryness in a platinum crucible, the 
nitrate of potash formed will weigli^ precisely 12*75 parts. 

From this it follows that saltpetr^ is composed of 
Potash ... 6 

Nitric acid . . 6*75 


12*75 

So that, if the atom of potash be 6, Jiiat of nitric acid will lie 
6*75. 

When nitrate of fiotash is exposed to a red heat, the nitric 
acid is decomposed and converted into oxygen and azotic 
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gases ; showing that this acid is a compound of oxygen and 
azote. The proportions of these two constituents will appear 
afterwards. The true component parts of nitric acid were 
discovered by Mr. Cavendish, and dbmmmiicated by lum**to 
^e Royal Society on tha 2d of* June, I78£. He formed 
nitric ^icicl by causing a mixture of oxygen and azotic gases 
to unite by ^passing* electric* sparks through it, placed in a 
glass tube standing over mercury, and containing an aqueous 
solution o^'potash, which wa* fouiid to facilitote the formation 
of the acid. The result of his experiment w’as, that nitric 
acid is a compound of 1 volume azotic gas and 2 volumes 
oxygen gas. We shall see immediately that the true composi- 
tion is 1 volume of azotic gas and 2*5 volumes of oxygen gas. 
(1.) If we saturate nitric acid with ammonia or carbonate of 
ammonia, and evaporate the solution, we obtain a fibrous 
white and deliquescing salt called nitrate of ammonia. , If we 
put this salt into a small retort, tlie beak of which is plunged 
into the water pr mercurial trough, and raise the temperature 
of the salt by means «f a spirit lamp to about the temperature 
of 400°, it melts and froths stroijgly, giving out a colourless 
gas, which should be received into glass bottles furnished witli 
ai^-tight stoppers. 

This was originally discovered, by 5)r. Priestley about 
the year 1776, aitd called by him dephlogisticated nitrous gas.* 
The associated Dutch chemi^ examined it in 1793, and 
showed it to be a compound of azote and oxygen.f But for a 
full investigation of its properties^ we are indebted to Sir H. 
Davy, who published an excellent set of experiments on it in 
the year 1800.J He gave it the name of nitrous oxide. 

This gas is colourless and invisible like common air. It 
has a sweetish taste. Its specific gravity, determined with as 
much care as I could bestow upon it, turned out in three 
successive trials to be 1'.5269. But it was not in all proba- 
bility qifite free fjom ^11 admixture of common air. Gay- 
Lussac first showed by decisive evidence tliat it is a compound 
of 1 volume of azotic gas and half a volume of oxy^n gas 
condensed into one volume. Hence we must obtain the true 
specif gravity of this gas by adding together the specific 
gravity of azotic gas and half the specific gravity of oxygen 


♦ Priestley on Air, ii. 54;. f Jour, de Phys. xlii. 323. 

1 Researches, chiefly concei’ning sriirous oxide. 
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Sp. gr. of azotic ^is . . 0*9722 

j sp. gr. of oxy^n gas . . 0*5555 

1*5277 = true speci- 
fic gravity of j^rotoxide of !lzote. ' 

Water absorbs about ^ths of itg volume of tliis gas. Accord- 
ing to the experiments of Saussure, lt)0 volumes o^ water 
absorb 76 volumes of protoxide of azote; and 100 volumes of 
alcohol of the specific gravity 0*34 absorb 153 volimies.* 
According to the experiments of Dulong, if we reckon the 
refracting power of common air 1, that of protoxide of azote 
will be l*710.t 

It is capable of supporting combustion, and bodies burn in 
it almost as brilliantly as they do in oxygen gas. But there 
are two remarkable differences between the combustion of 
bodies* in these two gases. No substance burns in protoxide 
of azote till it has beoh heated to whiteness. * You may touch 
phosphorus with a red hot wire, you may even sublime it in 
this gas without any tendency to combustibn. But the moment 
you touch it with a white •hot wire it catches fire and burns 
with great brilliancy. If you set fi»e to sulphur and pluflge it 
into this gas, it is immediately extinguished. But if you Wat 
a wire to wliiteness and touch the sulfhur with it, the sulphur 
immediately takes fire, and Ipirns with a fine rose-coloured 
flame. 2. Tlie second circumstance which distinguishes tlie 
combustion of l)odies in this gas, is ‘tlie shortness .of the time 
that they continue to burn^ If you set fire to a piece of cotton 
attached to an iron wire, find plunge it into this gas, the iron 
wire catches fire, and begins to burn with as much splendour as 
it would do in oxygen gas. But this combustion does not 
continue, for in an instant or two the wire is extinguished. 

Dr. Priestley and the Dutch chemists had concluded that 
this gas cannot be breathed; but Davy asewtained that it 
could be breathed for several minutes«vithout any ba’d effects. 
The ft^plings produced by breathing it bear a strong resem- 
bla:sce to intoxication ; but they are not followed by that 
languor and debility wliich is a constant attendant of intoxica- 
tion. It cannot be breathed longer than about four mkMites, 
without the loss of voluntary motjpn altogether. When 
animals arc confined in it, they give no signs of uneasiness for 

* Annals of Philosophy, vi. 340. 
t Ann. de Chiin. ct de Phys. xxxi. 1 06. 
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some moments ; but they soon become restless, and if not 
removed in a very few minutes, die aH!«igether. Hence we 
see, that though this g^s be respirable, it is much less so tlian 
common air or oxygen g^s.* 

' This gas is not altered bj* exposure to li^ht nor to any heat 
below, ignition ; but when made to pass through a 'red hot 
porcelcin tube, or wlran electric sparks are passed through it, 
decomposition takes place and nitric acid is formed.f 

It is on*i' of the gases which * Mr. Faraday succeeded in 
reducing to a liquid state by pressure; as might have been 
anticipated from its great absorbability by water. The pres- 
sure requisite, was that of 50 atmosplieres, at the temperature 
of 45°. Liquid protoxide of azote is transparent and colour- 
less, and so volatile, that the warmth of the hand caused it to 
disappear in vapour. It had no tendency to become solid, 
though cooled down to — 10°.:]: 

When protoxide of azote is mined with hydrogen gas, and 
an electric spark passed through the mixture, detonation tiikes 
place, as was first observed by Dr. Priestley .§ The Dutch 
chemists ascertiiined, that when the two gases were mixed in 
the requisite proportions, they were converted completely into 
w^ter and azote. || The most accurate experiments were tliose 
of Davy. He found th« best proportions fo be equal volumes 
of hydrogen and jfrotoxide of azote. When 46 volumes of each 
gas were mixed together, the reSsidue of azote gas, after com- 
bustion, was 49 volumes.^ I found that when 100 volumes 
of pure hydrogen gas and 100 voh'mes of dcutoxide of azote, 
both as dry as possible, are detonated over mercury, the 
azotic gas remaining after combustion, (supposing the baro- 
meter at 30 inches, and tlie thermometer at 60°) simounts to 
101*77 volumes. But a quantity of water has been deposited 
on the sides of the eudiometer. Consequently, the azotic gas 
is saturated with moisture at 60°. When rendered jierfectly 
dry, its Volume wiU be reduced to 100.** It is evident from 
this experiment, as well as frf)m those of Gay-Lussac, Henry, 
&c. that protoxide of azote contains exactly its own vobune 

* Davy’s Kesearches, p. 94. 

-j- '?:iestley on Air, ii. 91. and Davy’s Researches, p. 279. 

^ Phil. Trans. 1823, p. 195. § On Air, ii. 8.3. 

II Jour, de Phys. xliii. 331. 1 Researches, p. 288. 

** Let the volume of dry gis be x, let p— 30 inches and/ = 0*524. We 

have ^ ^ = 101*77. Hence x = 100. See I^rst Principles of Cheniis- 
^ P—f 
try, i. 115. 
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of azotic gas. The hydrogen being converted into water, it 
is obvious tliat the* other constituent must be oxygen. And 
as hydrogen requires half its volume of oxygen to convert 
it mto water, it is clear ^liat a volume of protoxide of azote con- 
tains likewise Italf a volum# of ox^en gas. Tims tj^e consti- 
tuents of this gas are obviously 1 ^volume of azotic gas, and ^ a 
volume of oxygen gas united together and condensed'into 1 
volume. The constituents of the gas by weight are ob\*!ously 
determined by the specific gravity of the two gascoi^ constitu- 
ents: viz. 

Azote . . 0*9722 or 1*75 

Oxygen . . 0*5555 or 1 

It is obvious from tliis that the atomic weight of azote is 
either !• 75, or at least a multiple or submultiple of that number. 

Charcoal may be burnt in protoxide of azote by means of a 
biirnin^'^glass. It l)urns with considerable brilliancy. Davy 
found that when charcoal pRniged under mercury, in a sttite of 
ignition, was introduced into 3 cubic inches ^)f protoxide of 
azote, and kindled by a burning-glass, itfburned for about ten 
minutes. The volume of rt'sidual gas was 4*2 cubic indies.* 
Caustic potash alisorbed 1'15 ciiWc inches of this residue, 
which, consequently, was carbonic acid. The remaining 
cubic inches were azotic gas.f This experiment shows also 
that protoxide of azote contay^s its own volume of azotic gas. 
The carbonic acid evolved should have been 1’5 cubic inches. 
But it is easy to account for the 'deficiency, from the well 
known property which charcoal has of absorbing carbonic acid. 

Phosphorus, phosphuretted liydrogeii, sulphur, and sul- 
phuretted hydrogen, were also burnt in protoxide of azote, by 
fc>ir H. Davy, but the results were not suflBciently precise to 
determine the constituents with accuracy. 

Protoxide of azote is probably a neutral substance ; at least 
we have no evidence that it possesses either field alkaline 
properties. I or it will not combifie cither with acids or 
with l^jises. Davy, indeed, fouifd that when it is presented to 
an ^Jkali in its nascent state, a combination may be formed. 
He mixed together sulphite of potixsh and caustic jiot^ish, and 
placed the mixture in contact with deutoxide of azote. The 

* It is obvious that a little of the carbonic acid gas, generated, would be 
absorbed by the charcoaAk 

t Kesearches, p. 311. 

t This gas will be described in a subsequent part of this section. 
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Chap. II, sulphite absorbed oxygen from the gas, and converted it into 
protoxide, «and this protoxide being in contact with potash at 
its formation, combined with it, and formed a peculiar salt, to 
wliich Davy gave the name of nitroxi of potash. This salt 
Lad no recognisable crystallAie forih. Its taste Vas caustic and 
pungent. It rendered vegetable blues green, indicating that the 
potash' had not beeri’ completely saturated with protoxide of 
azote." With charcoal, when heated, it burnt with slight seiii- 
dilations. The acids placdd in contact with it extricated 
protoxide of azote. Heat produced the same evolution of gas. 
Davy succeeded in combining protoxide of azote with soda; 
but not with ammonia, or with lime, barytes, or strontian, or 
the earthy bodies.* These experiments would lead to the 
conclusion that protoxide of azote possesses acid properties. 
But notwithstanding the evolution of protoxide of azote from 
this salt by heat, I am strongly inclined to suspect that it W'as 
not this gas, but hj’^ponitrous acid, rfewiy*formed by the process, 
which united tc the alkali. The subject is w’ell entitled to 
farther ihvestigation,^Und promises, if properly prosecuted, to 
throw additional light on the nature of some of the combina- 
tions'^of oxygen and azote.- 

2. Deutoxide /2.) Wlicii iiitric acid diluted with wate;- is put into a small 
retort, or flask, with small pieces of cdpper, it acts wdth con- 
siderable energy on that metal.^^. Heat is evolved, the liquid 
assumes a blue colour, the copper is oxydized at the expense 
of the acid, an effervescendc tjikes jilace, and a gas is extricated 
in considerable quantity. This gas' is devtoxide of azote.\ 

It was accidentally discoVered by Dr. Hales ; but its nature 
and properties were first investigated by Dr. IViestle)', who 
gave it the name of nitrous air, or nitrous yas, by w'hich it w-as 
long known to chemists. It was afterwards called nitric 
, oxide. And after its composition was accurately determined, 
I substituted the term deutoxide of azote as a more appropriate 
denomination. And this'namc is now pretty generally adopted. 
The first accurate experimeifis to determine its constitution, 
were those of Sir H. Davy.f Gay-Lussac first succeedeo in 
giving a correct view of the proportions of its constituents.§ 

* Researches, p. 254. 

f When we wish to procuie deutoxide of azote quite pure, it is better to 
employ mercury than copper. However, we may succeed almost equally 
well with copper, provided we use acid suificientlj dilute, and take care to 
prevent any augmentation of temperature during the solution of the copper, 
t Researches, p. 122. § Mem. d’Arcueil, ii, 207. 
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To obtain the tleutoxide of azote pure, the nitric acid should 
not exceed tlie spedtftc gravity of 1*25. And care*should be 
taken not to begin to collect it till after the gaseous matter in 
the retort, or flask, containing the acid and copper, has become 
perfectly transfarebt and <^lourle«ls, like common air. Even 
with every precaution it is difficult to procure it perfectly free 
from all admixture of azotic gas. * Its properties »re as follows. 

1. It is colourless and invisible like common air, of ovliich Properties, 
it possesses the mechanical properties. Whether ^t has any 

taste or smell, is not easily determined, because whenever it is 
mixed with air, nitrous acid is formed, which communicates 
its taste and its peculiar odour to the gas. For the same rea- 
son we cannot determine whether or not it is capable of being 
breathed. Sir H. Davy, in a fit of enthusiasm, made an 
attempt to breathe it. He made several inspirations of protoxide 
of azok', to free the lungs as completely as possible from com- 
mon air. He then at*emptt?d to inspire deitfoxide of azote. 

It felt in the mouth astringent and highly dkagreeable. It 
o(!casioned a seiise of burning in the tljfoat, and })rodueed a 
spasm of the epiglottis, so painful, as to prevent the possibility 
of introducing the gas into the lung#.* It is obvious tluft the 
common air of the lungs had not been completely re})lacedjjy 
the protoxide of azote. Hence, a "little nitrous acid U’as 
formed in the mouth, which,^ortunately, prevented the gas 
from being drawn into the lungs. Had Davy succeeded in 
filluig his lungs with this gas, the result would certainly have 
proved fatal. Because, as»soon as he began to breathe common 
air, nitrous acid would haf e been formed in the lungs, which 
must have destroyed their texture. 

2. The mean of three trials, to determine the weight of this 
gas, gave me for its specific gravity l*04096.-j- But Gay- 
Lussac has demonstrated that it is composed of equal voliunes ., 
of oxygen and azotic gases united together, without any alte- 
ration of density.:!; Hence the true specific gravity must be 
the m«an of that of oxygen and hydrogen gases, or 1*0416. 

My result, which is about part less than this, was pro- 

bably owing to the gas which I weighed being contaminated 
with a little azotic gas, derived from the water over wiach it 
stood. ^ 

S. If we reckon the refracting powei* of air 1, then that of 

* Researches, p. 1*3. f First Principles, p. 1 18. 

t Mem. d’Arcueil, ii. 216. 
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Chap. ii. deutoxide of azote, according to tlie experiments of Dulong, 
is 1-03.* 

4. This gas, when pure, produces no sensible effect ^oii 
vegetable blues. Nor does it appear to possess tlie characters 
of either an acid or an aUcaii. 

5. yiiis gas is not sensibly absorbed by water. However, 
when agitated with that liquid freed from air by boiling, 100 
volumes of the water, absorb about 5 parts of the gas.f From 
tliis small absorbability it is plain’, that this gas cannot esisily 
be deprived of its elasticity. Accordingly, it has resisted all 
attempts hitherto made to condense it into a liquid, by the 
application of cold and pressure. 

6. When this gas is mixed with common air, or oxygen gas, 
or any gaseous mixture, of which oxygen gas is one of the 
constituents, red fumes arc produced, heat is evolved, and the 
volume of the gas diminishes. This is owing to the injtftediate 
combination of pxygen and deutoxide »of azote into an acid, 
which is absorlied by the water. If the oxygen and deutoxide 
of azote be both perfectly pure, and mixed in the reqiusite 
proportions, they disappear completely, being totally converted 
into heid, which combinei% wiUi the water. 

,This very remarkable property of deutoxide of azote was 
first observed by Dr. Priestley, and was employed by him to 
determine the quantity of oxygen in air, or any gaseous mix- 
ture. This was done by mixing the air and deutoxide of azote 
in certain determinate proportions, in a tid)c over M^ater, and 
noting the diminution of volume. The greater the diminution, 
the better the air was coilsidercd fo be, or the fitter for the 
processes of respiration and combustion. Hence the graduated 
Eudiometers, tube, uscd for this purpose, was calk'd a endicmieter (or mea- 
surer of the goodness of air). Priestley’s original eudiometer 
, was rendered more convenient by Fontana, who employed a 
narrow glass tube, shut at one end, and divided into 100 equal 
parts. Hence thetajiparatus was known among chemists by 
the name of FontanrCs eudiometer. It was used very freely by 
chemists and physicians to determine the relative goodness of 
air in different places, and great diversity was observed in the 
goodness of the air in different localities. To this was ascribed 
the healthiness or unhealthiness of particular places. Till at 
last Mr. Cavendish, by a course of observations continued for 

* Ann. de Chim. et de Phys. xxxi. 166. 
t Henry ; Phil. Trans. 1 803, p. 274. 
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a year, showed that the relative proportions of oxygen and 
azotic gases are alwSffe the same, and that the appaaent differ- 
ences observed, were owing to the oxygen of the air, and the 
deiitoxide of azote unitiffg in different proportions, according 
to the mode in*whfbh they ^ere mixed.* 

Mr. Dalton was the first person who attempted to account 
for the anomalies which present themselves wJ^en we mix 
deutoxide of azote with oxygen gas or common air.» He 
found that 21 volumes of oxygeit gas are capable^of uniting 
with either 36 volumes, or with 72 volumes of deutoxide of 
azote ; with the former proportion when the deutoxide is let up 
to the oxygen or air in a narrow tube ; with the latter propor- 
tion, when the mixture is made in a wide vessel.f But in his 
New System of Chemical Philosophy, he modifies these num- 
bers somewhat, and asserts that 100 volumes of oxygen may 
be mad^ to combine "with 130, 180, and 360 voliunes of deut- 
oxide of azote.J Gay-LiiSsac states, that ;|ccording to his 
experiments (allowing for inaccuracies), 100 vohimes of oxygen 
gas may be made to combine with 200 oj»400 volmnes of deut- 
oxide of azote.§ I have made many experiments to determine 
the proportions in which oxygen an^ deutoxide of azote trom- 
biue. The result is, that when we employ a tube of 0*9 iijch 
in diameter, and let up deutoxide of azote to common air already 
in the tube, and employ no agi^tion, 100 volumes of oxygen gas 
combine very nearly with 200 volumes of deutoxide. When we 
put deutoxide of azote into a globular vessel, and letup common 
air to it, bubble by hubWe, agifeiting after every additional 
bubble (as was j>ractised by Mr. CaVendish), then 100 volumes 
of oxygen gas combine M'ith 400 volumes of deutoxide. |J As 
all intermediate j)ro 2 )ortions between 200 and 400, may com- 
bine with 100 of oxygen gas, we need not be surprised at the 
great variation in experiments made in this way, and at the 
little confidence which can be put in the analysis of gaseous 
mixtures, by means of deutoxide of «zote^ Indeed,* so little 
can tlys method be depended # 11 , that 1 have abandoned it 
alt(;^ether, excej)ting as far as it serves to indicate the presence 
or absence of oxygen gas, in a gaseous residue under examin- 
ation. 

7. Dr. Priestley made the fortmiate observation that this 

* Phil. Trans. 1783, p. 107. f Phil. Mag* xxiii. 351. 1 Vol. ii. 327. 

§ Ann. de Chim. et tie Phys. i. 394. 

II Sec Annals of Philosophy (second scries), i. 321. 
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Chap. II. gas is absorbed by water, holding in solution protbsulphatc 
Absorbed by green vitriol, as it is also ^lled. Tlie solution 

assumes a djirk brown colour, and becomes opaque. When 
heated, the greater part of the gas is again expelled unaltered. 
But if it be sallowed to^rfemain, tae gas is giadually decom- 
posed;- and the iron peroxydized. Davy ascertained that a 
saturated solution of green muriate oT iron (or protochloride of 
iron) -labsorbs this gas with more rapidity, and in much greater 
quantity, 'llian protosulpliatc* of iron docs. A cubic inch of 
saturated solution of protosulphate of iron absorbs 12 cubic 
inches of this gas; while the same quantity of protochloridc of 
iron absorbs 24 cubic inches.* The protonitrate of iron like- 
wise absorbs this gas, as is evident from the dark brown colour 
of iron, dissolved in very dilute nitric acid, screened from tlie 
action of the atmosphere. Davy ascertained, that solution of 
protosulphate of tin absorbs about ^tli of its volume, ‘of this 
gas; and that solutions of sulpluMe ofi zinc, and of muriate 
of zinc, absorb fdjout -j-’gth of their volume of it. White prussiate 
of iron absorbs it abundantly, and acquires a chocolate colour.'|- 

8. Dr. Priestley found that when electric sparks arc made 
to pSss tlirough this gas, it^ gradually undergoes decomposition, 
and is converted into nitrous acid and azotic gas.J Sujqiosing 
the decomposition compltetc, and the acid in contact with water, 
and absorbed by it, we can easily sec that the residual iizotic 
gas must be just ^th of the volume of the original deutoxide 
of azote. Gay-Lussac ascertained, that when strongly heated 
by being passed through an ignited* porcelain tidie, it under- 
goes the same decornjjositidn.j 

9. Dr. Priestley observed, that Horn berg’s jiyrophorus 
takes fire of its own accord when introduced into this gas, and 
that when charcoal in combustion is introduced into it, the 

. combustion continues with considerable splendour. Davy 
observed, that phosphorus previously kindled when introduced 
into this gas, burns ‘with -great splendour. |i When mixed with 
hydrogen gas, it causes it to barn with a green-coloured .flame. 
But these two gases, in what proportion soever mixed, do not 
detonate by the electric spark; though they are decomposed 
by spcMigy platinum at the common temperature.^ A mixture 


* Researches, p. 179. 
1 On Air, ii. 22. 
ii Researches, p. 135. 


t Researches, p. 189. 

§ Ann. de Ch’Ti. et de Phys. i. 398. 
H Henry’s Chemistry, i. 335. 



AZOTE. 


of 1 1 volumes of deutoxide of azote, and 1 volume of ammo- 
Ilia, detonate by an ^i^ctric spark, as was first observed by Dr. 

Henry.* 

From Davy’s experiments, it appears that when 16 volumes cSroposUion. 
of this gas are jJec«mposed Jiy cha|poal, and the ^rbonic acid 
formed removed by caustic potash, there remain 8 vcjlumes of 
azotic gas,f at least very nearly. • Gay-I^ussac has sho^n by 
very convincing arguments, that this gas is composed of equal 
volumes of oxygen and azotie ga^s, united withoutfany alter- 
ation of volume. This coincides with the result of Davy’s 
decomposition, and leaves no doubt tliat the constituents by 
weight, are 

Oxygen . . 1*11 li or 2 

Azotic . . 0-9722 or 1*75; 

so that deutoxide of azote (supposing the weight of azote the 
same) Qpn tains twice as much oxygen as protoxide of azote does. 

10. if M'as observedjby Dr. Priestley, that when moistened pecoiyosi. 
iron filings are left in contact with deutoxiife of azote, the 
volume of the gas gradually diminishes, *immonia is formed, 
and the gsis is at last converged into protoxide of azote. At 
the same time tlie iron is converted into jirotoxide. Davy 
showed that the decomposition of the deutoxide, in this case, 
is owing to the actiftn of the hydrogen set at liberty from tfie 
water by the oxydizement of the iron. But4he theory of the 
process is not very clear. It^s ob^dous that water must be 
formed as well as ammonia, otherudsc the change could not 
take place. 12 volumes of deutoxide of azote thus decomposed, 
left five volumes of protoxijie of azote.f Were wc to consider 
these numbers Jis quite accurate, it would be easy to exhibit the 
process of decomposition. Three volumes of hydrogen gas 
evolved from the water, must combine with one volume of 
azotic gas from the deutoxide, and form 2 voliunes of ammo- 
nia; while, at the same time, 7 volumes of nascent hydrogen 
from the same source, must combine wijh 3*5 volumes of 
oxygen contained in the deutox^e, and form water. For 12 
volumes of deutoxide of azote are composed of 6 azotic -4- 6 
oxygen gas. From which, if we subtract 1 volume of azotic, 
and 3’5 volumes of oxygen gases, there will remain 5 voli^es 
Jizotic 2*5 volumes oxygen gas; which united together, 
would constitute 5 volumes of protoxWe of azote. Zinc may 

* Phil. Trans. 1809, p. 445. • f Researches, p. 120. 

1 Davy’s Researchef>? p. 207. 
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be substituted for iron in this decomposition with the same 
result. 

It was ascertained by Austin and Kirwan,* that when dry 
sulphuretted hydrogen gas is mixed with deutoxide of azote, 
mutual decomposition takes place; sulphur, is deposited, 
ammonia formed, and if tiie gases have been mixed in the 
requi'site proportions, there remains at last nothing but a 
quantity of protoxide of azote. Davy ascertained that in this 
case ho s'dphurous nor sulphuric acid was formed, and that 
5 cubic inches of deutoxide left a residue of 2*2 cubic inches 
of protoxide.t If these numbers were correct, it would follow 
that 50 volumes of deutoxide, in order to be completely con- 
verted into protoxide, should be mixed Muth 37 volumes of dry 
sulphuretted hydrogen gas. This last gas, supposing the sul- 
phur deposited, would leave 37 volumes of hydrogen. Nine 
of these volumes uniting with three of azotic, would form 6 
volumes of ammonia. While the remaining 28 volumes of 
hydrogen, unitihg with 14 of oxygen, would form water. 

Fifty voluides of deutoxide of azote, consist of 25 volumes 
azotic -|- 25 volumes oxygen gjises. From which, if we with- 
draw 3 volumes azotic, and 1 4 oxygen, there will remain 22 
volumes of azotic, and fl volumes of oxygon gjiscs, which 
udited together, will constitute 22 volumes of protoxide of 
azote. 

The Dutch chemists ascertak'ed that deutoxide may be con- 
verted into protoxide of azote by the action of protomuriate of 
tin, ammoniacal solution of copper or heated sulphur. Priestley 
had previously shown that the alkafine sulphurets produce the 
same effects; and Davy found that the sulphites produce this 
change with greater rapidity than any other set of subsfeinces.J 
All these bodies seem to act simply by abstracting oxygen. 
The change of volume has not been accurately determined; 
but it is obvious, that if nothing else is done tlian merely 
abstracting oxygen, the gas must be reduced to half its 
original volume. For lOO volumes of deutoxide of azote is 
composed of “■ 

Volumes. Volumes, 

50 azotic -f. 50 oxygen gases. 

If we abstract half the oxygen, there will remain 50 azotic 

* Phil. Trans. 1786Vp. 133. 

^ Researches, p. 199. 


f Researches, p. 203. 
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+ 25 oxygen, which will constitute 50 volumes of protoxide 
of azote. 

(3.) When deutoxide of azote is put into a wide* glass ves- 3 . iiyponi. 
sel suspended inverted qf er the water trough, and oxygen gas 
or common air is 1^ up, buj^ble byj)ubblc, and the gas is well 
shaken avery time that a bubble of oxygen enters into it, I 
find that 4 volumes of deutoxide combine with 1 volume of 
oxygen, and form an acid, which is absorbed by the water. 

Now, 4 volumes of deutoxide are^ composed of 2 volumes azo- 
tic and 2 volumes oxygen gases. Hence, the acid formed, is 
a compoimd of 2 volumes azotic and 3 volumes oxygen gases ; 
or of ] volume azotic and 1.5 volumes of oxygen gas, or by 
weight of 

Azote . . 0*9722 or 1*75 

Oxygen . . 1*6666 or 3. 

Now, this is the acid to which the name of hyponitrous has 
been gi^en. We see from jts composition, that supposing the 
weight of azote in each the same, hyponitrous acid contains 
thrice as much oxygen as protoxide of a^te. 

This acid can exist only in combination. All the salts for- Hjponitrites. 
merly called mtriics are in fact combinations of this acid jndth 
a base. Gay-Lussac showed that if is formed wdienever deut- 
oxide of azote is left for some time in, contact with a powerful 
base. He left for three months 100 volume* of deutoxide in 
contsict W'ith a solution of pur^ potash over mercury. At the 
end of that time the gas was reduced to 25 volumes, which 
turned out on examination to be pure protoxide of azote. 

The potash was found pagtly combined with an acid, which 
was obviously the hyponitrous. For 100 volumes of deutoxide 
of azote, are composed of 

Volumes. Volumes. 

50 azote + 50 oxygen. 

While 25 volumes of protoxide of azote are composed of 

Volumes. Volumes. 

25 azotic + 12*5 oiygen. 

If Mj? ftibtract this quantity from the original volumes of azote 
and oxygen in the deutoxide, we shall have the volumes of 
azote and oxygen constituting the acid which has combined 
with the potash. These are ^ 

Volumes, Volumes. 

25 azotic + 37*5 oxygen, or,,*(multiplying by 4) 

100 4^ 150 
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Chap. II 


4. Nitrous 
acid* 


Properties. 


precisely the same as the acid formed directly by the ^nion of 
oxygen gas with deutoxide of azote. 

Whenever an excess of deutoxide of azote, mixed with oxy- 
gen gas, is placed in contact with a powerful base, hyponitrous 
acid is immediately formed and combines with the base, while 
pure deutoxide of azote remains. Thus, if we mix . togetlier 
6 volmnes of deutoxide of j.zote, and 1 volume oxygen gas, 
over a solution of pure potash in water, two volumes of deut- 
oxide will’* remain; and 4 volumes of deutoxide, combining 
with 1 volume of oxygen, will form hyponitrous acid as before 
explained. 

Hyponitrous acid combines readily with bases, and forms a 
genus of salts called hpponitrites ; but it does not seem capa- 
ble of existing in a separate state, either pure or in combina- 
tion with water. When we attempt to separate it from a base 
it is immediately resolved into nitrous acid and deutoxide of 
azote. 

(4.) If we thke a quantity of pure* otystallized nitrate of 
lead, and after dryiijtg it for some time in a temperature of 
about 300°, reduce it to powder, and introduce it into a small 
bottle glass retort. By way of receiver, a bent glass tube in 
the form of a n may be u^d, terminating in the farthest extre- 
mity in a capillary opening, and luted at the other to the beak 
of the retort. Tlie curvature of this tube should be surrounded 
by a mixture of snow and salt,1io keep it at the temperature of 
zero. A heat gradually raised almost to redness, is necessary 
to disengage the nitric acid from the nitrate of lead. This 
acid not meeting with any water with which it can combine, 
and not being capable of existing in an insulated state, is im- 
mediately decomposed into oxygen and nitrous acid. The 
oxygen gas makes its escape from the capillary end of the tube, 
and the nitrous acid condenses in the curvature into a liquid. 

The taste of this liquid is very caustic; its smell is very 
strong, and its specific gravity 1'451. Its colour depends 
upon its temperature; at 60° it is orange yellow; at 3‘2° it is 
fawn coloured, almost colourless at 14°, and quite colourless at 
— 4°. It reddens litmus paper, stains the skin orange, and at 
the same time, destroys its texture. It boils at 82° *5, and 
assumes the form of an orange red vapour. In this state, it 
Was examined by Dr. Priestley, and called by him nitrous 
vapour. 

It is not acted on by any of the supporters of combustion. 
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But it is decomposed by many combustible substances, as is sect ii. 
tlie case with nitric «wid itself. Water decomposes ^t instantly, 
and converts it into nitric acid and deutoxide of azote, which 
is disenj^aged, if the qiUmtity of acid be small compared with 
the water, bui r6mains ii* solution, tinging tljp nitric acid 
brown, yellow, or green, if the quantity of acid be considerable. 

This acid does not seem capable of «ombiniiig witli, bases. No nitrites. 
Hence there is no genus of salts to which the term nitrite can, 
with ])ro])riety, be applied- ^Vlain we attempt to iftiite nitrous 
acid witli a base, it is immediately resolved into nitric and 
hyponitrous acids, both of which unite with the base, consti- 
tuting at once a nitrate and a hyponitrite. This decomposition 
is l)eeiitifully exem])lified, when the vapour of nitrous acid is 
made to pass over dry barytes. The acid is absorbed slowly 
at the ordinary temperature of tlie air ; Imt at 392°, tlie absorj)- 
tion iii very rapid ; the 1)arytes becomes red hot and nitrate, 
and hyponitrite of bari tes are formed. Similjy* phenomena are 
])roduced witli other bases. AVith li(|iiid aim:yonia, nitrate of 
ammonia is formed, while deutoxide of a»ote and azotic gas are 
disengaged. The reason of tliis is, that hyjionitrite of ammonia 
is decomposed when it comes in contact with water. 

Dulong analyzed this acid by causing its vapour to jviss Compo'iitioa 
slowly through red hot co])j)<'r or irtm turnings. The azotic and- “ 
gas was collected over mercury, after being^ dried, by jnissing 
it through a tube filled with ehlori<le of calcium. The aug- 
mentation of weight of the copper or iron, gave the quantity 
of oxygen, while, from tltf* bulk of azotic gas, the quantity of 
that constituent was determined. 'The azotic gas was mixed 
with a small quantity of hydrogen gas, not exceeding three per 
cent, and obviously derived fr*>m some traces of moisture in 
the vessels, from which it was very difficult to free them. In 
one experiment, of which he gives us the details, the quantity ^ 
of acid decomposed M'as 122-55 grains. ^lie iron filings 
increased in weight 87-41 grains. 'JSiis ws the oxygen con- 
tained^ in the gas, amounting i«t 60° to 252-6 cubic inches. 

Tin!; volume of azotic gas at 32°, was 1-93 litres, which is 
equivalent to 124-.5 cubic inches of azotic gas, at the tempera- 
ture of 60°, and when the barometer stands at 30 inches.* 

Thus, it appears, from Dulong’s aiia^sis, that nitrous acid.is 
composed of 

* Ann. de Chim. et dc Phys ii 317 . 
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Chap, II. Volumes. 

Oxygen . . 252‘6 or 2*02 

= Azotic . . 124'ij or 1 

This approaches so nearly to 1 volume of azotic gas, and 2 
volumes of oxygen g^, that we can have no hesitation in 
■ adopting .these proportions as indicating the true composition 
of this acid. Indeed, Gay-I^ussac had already determined its 
constituents with rigid accuracy in the following manner. A 
globuiar gljiss vessel, capable of <joiitaining 400 cubic inches, 
was exhausted of air, and 200 cubic inches of deutoxidc of 
azote were let into it. It was then, by means of a stop-cock, 
placed in contact with a jar filled with oxygen gas. The 
deutoxide is converted into nitrous acid, and 400 cubic inches 
of oxygen gas have entered the globular vessel, and, of course, 
either combined with the deutoxide, or replaced the vacuum, 
which would have otherwise taken place, in conseijiienee of 
the union of the two gases. If we now reverse the experiment, 
by putting 1 00 vubic inches of ox*ygei/gas into the globular 
vessel, and tlieii place it in contact with deutoxide of azote, 
nitrous acid is again fSrmed, and 500 cubic inches of deutoxide 
of azote enter the vessel. It is olfvious, from these two cx})c- 
riments, that, in order to*form nitrous acid, 200 volumes of 
detitoxide had combined with 100 volumes pf oxygen, and that 
the volume of thg nitrous acid (sujijioSing it to remain in the 
elastic state) is precisely the sarne as that of the deutoxidi', 
from which it was formed, or that the oxj^gen gas enters into 
combination with it, without increasing its volume. Hence 
the specific gravity of nitrous acid vapour must be 1*5972. 
However, Dulong has shoum that it is not, properly sjieaking, 
a gas, being easily condensed into a liquid wdien exposed to 
a mixture of snow and salt. We see from this experiment of 
Gay-Lussac, that nitrous acid vapour is composed of 

1 volume azotic gas, "5 condensed into 0*75 volume. This 

2 volumes oxygen gas, 5 is the same thing by weight, as 

Azote . ^ . 0*9722 or 1*75 

Oxygen . . 2*2222 or 4 “ 

What view are we to take of nitrous acid ? It has been 
shoi;i£n to be incapable of uniting to bases. When we make 
the attempt, we obtain nitrate and hyponitrite, as was first 
shown by Gay-Lussac. * Is it not probable, from this, that 
nitrous acid is not a true acid, but merely a mixture or com- 
pound of 1 integrant particle of hyponitrous acid, and 1 integ- 
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rant particle of nitric acid ? This view of its nature is simpler, 
and accords better wi*h the analogy of other bodies^ than the 
supposition that it is a peculiar compound of oxygen and azote. , 

(5.) Chemists are agrAd respecting the composition of nitric Nitric acid 
acid. It has b#en Sihown by experiments, which «re perfectly’ 
decisive, 'that it is a compound of 

Azotic gas . ? 1 volume. 

Oxygen . . 2*5 volumes, 

I attemjited to reduce this acid into oxygen and afotic gases, 
by exposing nitric acid to a red heat; but never succeeded in 
obtaining satisfactory results. Nor were the results satisfactory 
when saltpetre and charcoal were mixed and ignited ; but with 
iron filings, mixed with a certain quantity of saltpetre, in a 
copper .tube, and exposed to a red heat, the result was more 
satisfactory. 8'f>5 grains of saltpetre, treated in this way, gave 
out very^nearly 4 cubic iuclies of azotic gas; hence, 2* 1625 
grains of saltpetre would liav« given out abouUl cubic inch of 
this gas; but 2*1 625 grains of nitre contain 1*144852 grains of 
nitric acid ; a cubic inch of azotic gas 0.002794 grain. Hence 
the weight of oxygen gas, in this quantity of nitric acid must be 
0*842058 grain. This (supposing 4hc temperature 60°,*and 
the barometer at 00 inches) is equivalent to 2*4^3 cubic inches** 

Hence, according to this* experiment, ifitric acid is composed of 
1 volume azotic gas, * 

2*40 volumes oxygen gas. 

Gay-Liussac demonstrated, by a very simple experiment, that 
the true constituents of thLs acid are 1 volume of azotic, and 
2*,5 volumes of oxygen gasf Into a Tube, filled with water, he 
introduced a given volume of dcutoxide of azote, and added to 
it an excess (»f oxygen gas ; taking c*{ire not to agitate the tube. 

The two gases united, and formed nitrous acid, which, being 
absorbed by the water, was decomposed into nitric acid and 
deutoxide of azote. This last gas being disengaged from the 
water, united with a new dose of o»ygen» gas, and formed 
nitrous jicid. This new acid was«gain absorbed by the water, 
and again decomposed into nitric ficid and deutoxide of azote, 

Mdiich was again disengaged. These combinations were re- 
peated, till ultimately the whole was converted into nitric acid. 

We can determuie whether the produ^ of this experiment be 
pine nitric acid by mixing a little red sulphate of manganese 
with the water. Thi^ salt is not altered by nitric acid ; but 


First Principles, i, 110. 
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Chap. II. nitrous acid instantly renders it colourless. Gay-J^ussac found, 
that when^OO volumes of deutoxide of aEAte were, in this way, 
converted into nitric acid, the oxygen gas absorbed amounted 
to 150 volumes, or 100 volumes of detitoxide of azote, are con- 
verted into nitric acid by uniting ^vith 75 Volumes of oxygen 
gas. iHence, (since 100 volumes deutoxide contains 50 volumes 
azotiff and 5P oxygen,) nitric acid is composed of 
50 volumes azotic, 

125 volumes oxygen* gas, or of 
1*0 volume azotic gas, 

2*5 oxygen gas. 

Hence, nitric acid is composed, by weight, of 

Azote . . 0.9722, or 1*75 

Oxygen . . 2*7777, or 5. 

Composition From the account of the constitution of the five compounds 
pound o°^ of oxygen and azote, which we have now finished, itcifppears, 
oxygon. that IT wc consldcr the constituents, as in the gaseous state, 
their relative jSroportions will be as follows : 


Azotic. Oxygen. 

^ Protoxide of azote . 1 volume 0*5 volume 
Deutoxide of azote * . 1 -pi 

Hyponitrous acid ^ .1 .+ 1*5 

Nitrous acid . . 1 * +2 

Nitric acid . . ■» 1 + 2*5 


If we take the weights of the constituents only into view, 
the constituents of these compounds will be represented as 


follows : • > 

Azote. Oxygen. 

Protoxide of azote . . . 1*75+1 

Deutoxide of azote . . . 1*75 + 2 

Hyponitrous acid . . . 1*75 + .3 

Nitrous ^cid .... 1*75 + 4 

Nifiric acid , . , . . . 1*75 + 5 


From this table, we see that if the weight of azote in these 
compounds be represented by 1.75, then the weight of ox'ygen 
in each increases as the natural numbers. Hence, it is obvious, 
that either 1*75, or some multiple, or submultiple of 1*75, must 
represent the atom of a^ote. 

Atom of Chemists have not yet agreed about the number which 

represents the atom of azote. The difference of opinion 
dejtends upon the view taken of the constitution of water. 
Those chemists who consider water as a compound of 1 atom 
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hydrogen, and 1 atom oxygen, draw, as a necessary conse- ”• 
quence, that half a t«lume of oxygen gas is equiva,lent to an 
atom, while a whole volume of most other gases represents 
an atom. Those who hSve adopted these opinions, represent 
the atom of azwte t»y the iiumber d[*75. We cqrisider the .5* 
compouifds of azote and oxygen, as composed of 1 atom ^ote, 
united with 1, 2, 3, 4, and 5, atoms of oxygen. 

But those chemists who consider water as a compoujid of 
2 atoms hydrogen, and 1 atom oKygen, naturally lieduce the 
number of atoms in each compound from the number of volumes 
of each constituent. Deutoxide of azote being composed of 1 
volume azotic, and 1 volume oxygen gas, they consider it as a 
com})ound of 1 atom azote + 1 atom oxygen. Hence the 
atomic weight of azote will be 0*875, and the composition of 
tlie various compounds will be as follows : 

^ Azote. Oxygon. 

Prdtoxide of azot^ ^ . 2 atoms + 1 atom. 

13eutoxide of azote • . 1 atom 1 

Hyponitrous acid • .2 +3 

Nitrous acid .1 +2 

Nitric acid .* .2 4-5 

I have, in the preceding cluipter, given the reasons which 
have induced me toTuloyt tlie opinion, J;hat water is a compound 
of 1 atom liydrotren + 1 atom oxygen. Hence, the atom of 
azote must be 1'75. This view of the subject, whicli is by far 
the simplest, lias been adopted by all British chemists, so far 
as I know, except Mr. Dalton, whose objections are founded 
not u])on the constitution yf water;. but, upon other considera- 
tions, which, though very ingenious, cannot be considered as 
conclusive. Berzelius having adopted the notion, that water 
contains 2 atoms of hydrogen, has naturally taken 0*875 (or a 
number deviating but little from this) for the atom of azote ; 
and in this he has been followed by several of the German 
and French chemists. But the systeyp of ^toms founded upon 
this basis is so very complex, tha^ it would be a thousand jiities 
to see it universally adopted. It wraps a very plain subject in 
a mysterious veil, and seems to me rather calculated to retard 
than promote the progress of chemistry as a science.* 

* It is to be regretted that the names of these compounds of azote lyid 
oxygen had not been rendered more systeifl£y;jc. Chaptal attemjited to 
make them so, by substituting the term nitro^n^oi' azote, and this mode 
of naming has been adoj^ed by many chemists. It would have been better 
bad nzotous and azotic been substituted for iiilrom and iiiiric acid. Pesliaps 
this might still be done. 
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III. Azote has tlie property likewise of combining with chlo- 
rine, and pf forming a very singular c<»i6ipound, to which we 
may give the name of chloride of azote. 

It seems to have been discovered' about the beginning of 
•1812, by Mr Dulong, who-did not* howeveS’ publish any thing 
on thp subject, having been deterred by two severe accidents, 
which prevented him from completing his investigation. In 
September, 1812, Sir H. Davy received a letter from M. 
Ampere, iix which he mentions the discovery, without saying 
any thing about tlie mode of preparing it. This information 
roused his curiosity, and induced him to set about a series of 
experiments in order to obtain it. But before lie had proceeded 
far, Mr. Children put him in mind of an oily substance, that 
had been observed about a year before by Mr. Burton, at 
Cambridge, Avhen he passed a current of chlorine through a 
solution of nitrate of ammonia. This information enabled 
Davy to procur^, the substance, and to, investigate its proper- 
ties.* A very ;numerous set of experiments was made upon it 
about the same time, by Messrs. Porrett, Wilson, and Rupert 
Kirk.f There was lastly an abridgment of Dulong’s original 
papel‘, drawn up and published by Thenard and Berthollet.:]; 
The chloride of azote may be procured in the following manner. 

Dissolve in water of about 110°, a quantity of nitrate of 
ammonia, or sal ammoniac, so as to make a moderately strong, 
but not saturated solution. Put it into a flat dish, and invert 
over it a phial or cylindrical glass jar, jireviously filled with 
chlorine gas. The gas is slowly absorbed; a yellowish oily 
looking matter collects on the surface of the liquid within the 
jar, and gradually falls to the bottom. It is the chloride of 
azote. Care must be taken not to collect more at one time 
than a globule or two ; and no experiments ought to be made 
upon a quantity of it, exceeding a grain in weight. For the 
explosions which it occasions are so violent as to be dangerous, 
unless the quantity employed be very small. Chloride of azote 
possesses the following properties. 

Its colour is nearly similar to that of olive oil. It is as 
transparent, and has little or none of the adhesiveness of oils. 
Its smell is peculiar and strong, though not so disagreeable nor 
injurious to the lungs, as that of chlorine. || It is very volatile, 

♦ Davy, Phil. Trans. 18 1^ pp. 1 and 24. 

j- Nicholson’s Journal, xxxiv. 180 and 276. March and April, 1813. 

1 Ann. de Chiin. Ixxxvi. 37. 

U Davy compares it to the smell of phosgene gas. 
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and is soon dissipated when left in the open air. It may be 
distilled over at 1 60^*without danger ; but is partiajly decom- 
posed by the heat. The temperature of 200° only increases 
the rapidity of its evap'^ration ; but when heated to 212°, it 
explodes with prodigious vielence. *10 a vacuum it, is converted* 
into vajtbur, and is again condensed into a liquid wh^ the 
pressure of the atmosphere is restored. Ifatliis vappur be heated 
sufficiently, it explodes with as much violence as the liquid 
itself.* The specific gravity of«chloride of azote*is 1'653.-1- 
When exposed to cold, the water in contact with it congeals 
at about 40°, but it remains fluid itself, though exposed to the 
cold produced by a mixture of ice and muriate of lime.f 

When left in water it speedily disappears, while a quantity 
of cizotic gas is disengaged. When put into strong muriatic 
acid, a quantity of gas is extricated, considerably exceeding 
the wlkoje weight of the chloride. This gas is chlorine ; mu- 
riate of ammonia remains i» the solution. , 

When clxloride of azote comes in contact \}{ith jdiosphorus 
or oils, a violent detonation immediately tftkes place ; the effect 
is so instantaneous and so great, that it has not been possible 
to collect the products. Messrs. Pq^rett, Wilson, and lltipert 
Kirk, brought 125 different substances in contact with it. '^he 
following were the* only ones which oaused it to explode.§ 
Siipersuljxhuretted hydrogen Oil of tar • 


Phosphorus 
Phosphuret of lime 
Caoutchouc 
Myrrh 

Phosphiiretted camphor 

Palm oil 

Ambergris 

Whale oil 

Linseed oil 

Olive oil 

Canjphoretted olive oil 
Sulphuretted olive oil 
Oil of turpentine 


Oil of {unber 
Oil of petroleum 
Oil of orange peel 
Naphtha 
Soap of silver 
Soap of mercury 
Soap of copper 
Soap of lead 
Soap of manganese 
Fused potash 
Solution of pure ammonia 
Phosphiiretted hydrogen gas 
Nitrous gas. 


Metals, resins, sugar, most of the gases did not explode, with 
this substance. , 

M. Dulong placed chloride of azote in contact with pieces 

* Porrett, Wilson, tnd Rupert Kirk. t Davy- 

t Davy, This temperature was probably as low as — 40°. 

§ Nicholson’s Journal, xxxiv. 877. 
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of copper. The chloride disappeared, azotic gas was disen- 
’ Composition, g^^od, aiic^ there was formed a solution rf*muriate of copper.* 
From this experiment it follows, that the substance is a com- 
pound of azote and chlorine. Davy ^’ound, that when it was 
exploded in an exhausted vessel, the only jfroducts were chlo- 
rine apd azote.f This farther corroborates the nature of its 
constituents. , Wlieib made to act upon mercury, a mixture of 
calonvii] and corrosive sublimate^ is formed, and azote disen- 
gaged. In' one experiment 0*7 grain of tlie chloride produced 
49 grain meiisures, or 0'193 cubic inch of azote. Tliis quantity 
weighs 0*058 grain. According to this estimate the chloride 
is composed of 

Azote ... 58 

Chlorine . . . 642 

This is equivalent to 

1 volume azotic gas, 

4*fi6 volumes chlorifle gao. 

As it is very difficult in such an experiment to collect the whole 
of the azotic gas, the ‘probability is, that the chloride of azote 
is a compound of 1 volume of azotic gas, and 4 volumes of 
chlorine. Now, as in these two gases, volumes are eqiiii'aleiit 
to ttoms, it would follow that the chloride is a compound of 
1 atom azotS . *. 1*75 

4 atoms chlorine . . 18 

19*75 

Hence, the weight of its atom must-be 19*75. 

This substance possesses very little permanence ; being 
instantly decomposed by phosphorus and oils, and pretty 
rapidly by water. Whether it possesses acid or alkaline 
characters is not knovui ; nor could it be easily ascertained in 
^ consequence of the formidaWe nature of the compound. 
Bwmidoun. iV. HithertQ.. clieinists have made no successful attempts to 
form a compound «f bramiuc and azote. When bromine is 
placed in contact with ammouiacal gas, the gas is absorbed, 
azotic gas evolved, and hydrobromate of ammonia formed. 
These changes are accompanied by the evolution of heat, but 
not of light, and no substance analogous to a chloride of azote 
makes its appearance.§ 

« 

* Ann. de Chim. Ixxxvi.*59. f Phil. Trans. 1813, p. 244'. 

X These are compounds of mercury and chlorhie. 

^ Balard ; Ann. de Chim. et de Phys. xxxii. 358. 
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V. Azote has the property likewise of combining with iodine, s®**- 

and of forming a ciifcpound which may be called, iot/iJe ofio6\ie of 
azote. It was discovered by M. Courtois, and may be pre- 
pared in the following nlhnner. 

Put a quantity oflodine in^owdemnto a solutio* of ammonia'^ieparation. 
in water.* It is converted into a brownish black matter nrhich 
is the iodide of azote. It may be throvfn whil(^ still moist, 
and mixed with the ammoniacal solution upon a filter. After 
the li(juid htus passed througli the ^ Iter, while the ioJiide is still 
moist, the filter should be stretched flat on a board, and fixed 
firm to it by means of a little paste or gum water. For the 
powder when dry detonates violently, and with a violet 
coloured flame upon the smallest agitation of the paper. 

Indeed, I have often seen it explode spontaneously. This 
iodide has a brownish black colour, and has no smell whatever. 

If a sohition of pofcish, or of hydriodate of ammonia be poured 
upon it, azotic gas is*evolfed, and the iodkle decomposed. 

Even water causes an evolution of azotic gas though very 
slowl5^ • 

When iodine is placed in contact with ammoniacal gas, it is 
absorbed, and a shining viscid liquid®! a blackish brown cdlour 
is formed, which wluni saturated with ammonia loses its viscidity. 

No gas is extricated during the formation of this compound, 
which seems to be an iodide of ammonia. I? does not fidmi- 
nate. \\"lien we dissolve it in water a ]>ortion of the ammonia 
is decomposed, and hydriodic acid and iodide of azot(! formtul. 

Iodide of azote wdien let# in the open air gradually flies off in 
vapour without lea^dug any residue.* It detonates witli great 
violence when slightly touched, or when heated. If the tletonation 
be performed in an exhausted ghiss vessel the oidy products are 
azotic gas and iodine.* Hence it is obvious that it is com- 
posed of these two substances. The attempts which have been 
made to determine the proportion of the constituents of this 
substance have not succeeded. Gay-Lussac calculates from 
theoryi* that it is a compound ofs^ne atom of azote and three 
atoms of iodine. But his mode of reasoning does not appear 
to me to possess much weight. If we knew the weight of the 
iodide from a given weight of iodine, or even the quantity of 
ammonia necessary to produce the diange, some satisfactory 

* Davy,*Phil. Trans. 1814, p. 86. 

t Ann. de Chim. xci. 30. 
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deductions might be made. But at present, all the facts essen- 
tial towards determining the ratio of tlft^ constituents of this 
Composition, compound are wanting. Gay-Lussac* states, but merely 
from theory, that when a gramme of this fulminating powder 
"is decomposed, it yields 0*0864 ditre of iodme vapour, and 
0.0288 litre of azotic g^. Hence 100 grains of the powder, 
should evolve of '• 

' Iodine vapour . . 34*11 cubic inches 

Azotic gas . *■ . 11.37 

These quantities are small; yet the powder fulminates vio- 
lently, in consequence of the rapidity of its decomjiosition. 

Such are the properties of the combinations of azote, with 
the supporters of combustion, so far as they have been investi- 
gated. It possesses the property likewise of combining with 
Ammonia, hydrogeii, and of forming an important compound called am- 
monia, the nature and properties of which we muot now 
consider. < 

VI. Ammoma is usually prepared for chemical purposes from 
Sal ammo- sal ammonmc. Thij term occurs both in Dioscoridesf and 
Pliny but from wliat these authors say respecting it, are 
wari^anted to infer, that what the ancients indicated l>y that 
term, M’as merely a variety of common salt found in Cyremiica 
and the neighbourhood.' The sal ammoniac of the moderns 
seems to have been first manufactured by the Arabians, and 
was made in Egypt (it is said from camel’s dung) several 
centuries ago. A manufactory of it (from soot and common 
salt) was established in Edinburgh by Dr. Hutton and Mr. 
Davy about the year 1760 : and about the same period manu- 
factories of it were established in France and other parts of 
Europe. 

That sal ammoniac is a compound of muriatic acid and am- 
, monia, was known to Totwnefort in the year 1700.§ Geoffroy, 
junior, demonstrated the composition of the salt experimentally 
in the years 171611> and {>723.^ And this was afterwards done 
with more precision by Duhamel in 1735.** The mode of 
extracting carbonate of ammonia from sal ammoniac, by mix- 

* Ann. de China, xci. 31. f Dioscorides, lib. v. c. 73. 

^ Plinii Hist. Mundi, lib. xxxi. c. 7. 

§ Mem. Paris, 1700, p. 71. Toumefort knew that it is a compound of 
ammonia and an acid ; but he does not say what the acid was. 

II Hist, de I’Acad. 1716, p. 28. H lbid. 1723, p. 38- 

**JWem. Paris, 1733, p. 106. 
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ing it with chalk, and distilling in a retort, was known to the sect. ii. 
alcliy mists ; though ‘little progress was made in investigating 
its properties. The difference between caustic ammonia and 
carbonate of ammonia, '^as first pointed out by Dr. Black. Dr. 

Priestley first shewed that pfire ammonia is a gaseous substance; 
and poiifted out the method of procuring it. 

To obtain ammoniacal gas, reduce about half.an ounce of Preparation 
sal ammoniac to powder. Introduce it into a small »etort. caigas. 
Reduce about lialf an ounce of unslaked lime to powder. 

Intrtiduce it into the same retort. Shake the two powders well, 
so as to mix them as intimately as possible. Then fill the 
whole belly of the retort with unslaked lime in powder. 

Plunge the beak of the retort under mercury, in the mercurial 
trough, and ap]ily the heat of a lamp to the retort, the gas is 
evolved abundantly, and maybe received in inverted glass jars 
filled with mercury. The first portions which come over, 
should be allowed to «sca|Te, to get rid of ihe common air 
which filled the beak of the retort. Ammoniacal gas thus 
procured, possesses the following characters. 

1. It is colourless, and pt«sessos the mechanical properties Properties, 
of air. Its taste is acrid and caustic^ and when drjiwn intb the 
mouth it destroys the cuticle. When applied to any part, of 

the body it acts as a rubefacient, and ^ven blisters the part if 
long enough applied. Its smell js strong, pungent, and quite 
peculiar, and is well known under the name of an ammoniacal 
smell. Putrid urine exhales the same smell. Hence the odour 
of ammonia is often cal leth urinous. 

2. Animals cannot breathe this gfts. When they attempt to 
introduce it into the lungs, a spasm of the epiglottis takes 
place, which forcibly shuts the passage, and prevents any of 
the gas from making its way into the lungs. 

3. The specific gravity of this gas, as determined by Davy, is 
0*590 164. I found it 0*59031 ; from a mean pf three experi- 
ments made with great care. If we .take 4he mean of these 
two rei^lts, we obtain 0*590237rfbr the specific gravity; which 
must be very near the truth. It will be shoMm afterwards, 
that this gas is a compound of 1 volume of azotic gas, and 
three volumes of hydrogen gas united together, and condensed 
into two volumes. Hence, if we add together the specific 
gravity of azotic gas, and three times .the specific gravity of 
hydrogen gas,, and djvide the same by* 2, we must obtain the 
true specific gravity of this gas. 



^.40 


SIMPLE AClblFIA^LE BASKS. 


Chap. II. 


Liquid ain. 
munia. 


Sp. gr. of azotic gas . . 0*9722 

Sp. gr. t)f hydrogen, 0*0694 X 3=2i$^ 

2 I ^1805 . 

, r 0 0’58087 :p true specifip 

gravity df ammoniacal gas. The specific gravity deri”^ed from 
experjiment, is within less than number. 

There cannot then be any doubt that the specific gravity of 
the gas as derived from theory, is perfectly accurate. 

4. If we reckon the refracting power of air 1, then tliat of 
ammoniacal gas, according to the experiments of Dulong, is 
1*309.* 

5. This gas acts powerfully on vegetable blue colours. Paper 

stained blue by the juice of red cabbage, or radishes, is rendered 
green. Paper stained brownish red by cudbear, is rendered 
deep violet. And paper stained yellow by turmeric is rc,ndered 
brownish red. ^ 

6. Mr. Parsiday demonstrated, that U'lien sid)jected to suf- 
ficient pressure and ,eold, ammoniacal gas assumes the liquid 
form. Dry chloride of silver hsjs the projierty of absorbing 
this gas in considerable qu^jntity ; a grain of the chloride absorb- 
ing about 1 j; cubic inch of the gas. Mr. Faraday jmt a quan- 
tity of chloride of silver impregnated ■\yith 'ammoniacal gas into 
a strong glass tube, which was then closed hermetically. Heat 
was applied to the extremity containing the chloride of silver, 
wdiile the other extremity was ke})t cool by snow. The chlo- 
ride entered into fusion, and gavy out the ammoniacal gas, 
which w*as thus contained :n the tube in a state of great com- 
pression. It condensed into a colourless liquid in the cold 
extremity of the tube. Liquid ammonia is very fluid. Its 
refracting power is greater than that of water, and its sj)ecific 
gravity is 0*76. At the temperature of 50° it exerts a pres- 
sure equivalent to 6| atmospheres.t 

7. This gas is vj?ry rgpidly absorbed by water, while at the 
same time the temperature of the liquid increases very much. 
By passing a current of ammoniacal gas through 6 cubic inches 
of water, contained in a small Wolfe’s bottle, I found that the 
liquid absorbed 780 times its volume of the gas, while at the 
same time the bulk of the water increased from 6 to 10 cidiic 
inches. Hence a cubic inch of water, saturated with this gjis, 
contains 468 cubic incites of animoniacal gas. But when in 

*-Ann. lie Chim. et de Phys. xxxi. 166. f Phil. Trans. 1823, p. 196. 
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this state, it is so volatile that it cannot be preserved. It is in 
this state of solutiortii? water that ammonia is commonly used 
for chemical purposes. The easiest method of preparing it, is 
to put into a retort a mBtture of about equal weights of quick- 
lime and sal ammcAiiac. 'Biie lim^should be preiiiously slakeA 
and in powder.* The sal ammoniac should also be in pqwder. 
The retort should then be filled about half %11 of water, 
placed in a sand pot, and its beak luted to a Wolfe’s bottle A, 
having a little water at its bdttom, and having tw<^ mouths a 



and h. Through the mouth a passes a straight glass tube 
through a perforated cork, so as to be air-tight. The bottom 
of this tube plunges into the water at the bottom of the jar, 
which shuts up any communication between the inside of the 
Wolfe’s bottle and the external air. From the second mouth 
h a glass tube issues through a perforated cork. This glass tube 
after bending at right angles twice, p^ses^into the mouth of 
another Wolfe’s bottle B with^three tubulars, and half filled 
with dfitilled water. Through a perforated cork in the second 
tubular c a straight tube passes, and reaches almost to the 
bottom of tlie jar. From the third tubular d another glass tube 

* The quantity of lime requisite to decomp^s^ 13’5 parts of sal ammoniac, 
amounts to 7 parts. When ammonia isprepafled on a large scale, attention 
should be paid to these /h*oportions in order to save expense. But in the 
laboratory of the chemist, where the small quantity of surplus lime fS no 
object, I usually employ equal weights. 
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Chap. II. rises, and bending at right angles enters another Wolfe^s bottle 
C, also hajf filled with water, and furn^hed with tubes pre- 
cisely as the second bottle B. The tubulars are all made air 
tight, first by perforated corks which^ firmly grasp the tubes, 
and are firmly grasped by the resp^^ctive mftuths of the bottles. 
Secondly, by fat lute laid on carefully. And thirdly, by pieces 
of cotton cloth dipt «"in liquid glue, applied carefully to the 
mouths when moist, find tied firmly in their places by small 
cord. Th^^ luting should bc'^allowed to dry before the process 
commences. The ghiss tubes m and w, if tliey consisted of one 
solid piece, could not be easily adjusted, and would be liable 
to be broken upon the smallest agitcition of the apj)aratiis. To 
prevent this, they consist each of two pieces merely touching 
each other, at tlic points m and n. They are tied firmly 
together by a ribbon of caoutchouc, previously moistened on 
one side by caouteliouc varnish, stretched firmly round the 
tubes, and fixed in its place by a strhig tied tiglitly round 
it. Great care should be taken that the joints are all well 
luted, and quite air t^ght. Heat is now applied to the retort. 
As soon as the water approaches the boiling temperature, 
ammoniacal gas is driven pff in great abundance. It soon fills 
thq bottle A, and passing along the tube m is absorbed by the 
water in B, which becomes hot and gradually increfises in bulk. 
If the process be 'Continued till the water in B is saturated, the 
gas will pass through the tube w, and be absorbed by the water 
in the bottle C. But it is better to stop the [)rocess before full 
saturation, because then the liquid i^^ so volatile that it cannot 
easily be preserved. The ’water in the bottle A, which dis- 

tils over during the process, is also highly impregnated with 
ammonia, and if the distillation has been rightly conducted, it 
consists also of ammonia simjdy dissolved in pure water. It 
^ should therefore be preserved for use as well as the water in 
the bottle B.* 

strength. AVatcr impregnated with ammonia by this process has the 
smell and taste and all the properties of ammonia in perfection. 
It is specifically lighter than water, and it is lighter in pro- 

* Mr. Payen recommends the preparation of ammonia from the sulphate 
instead of the muriate, on the score of economy, and Dumas says, that the 
price of the former is not eveL so much as one-fourth of the price of the 
latter, I am not aware that sulphate of ammonia can be obtained at so 
cheap a rate in this country. It might, however^ be procured at a cheap 
enough rate from soot, and from the ammoniacal liquid obtained during the 
forming of coal gas. 
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portion to the quantity of gas which it contains. The following 
table, for which we indebted to Mr. Dalton, exhibits the 
strength and the boiling point, and the quantity of ammoniacal 
gas in liquid ammonia •of every specific gravity from the 
Strongest to the, weakest.* 


Specific 

gravity. 

Grains of 
ammonia in 
100 gr. of the 
nquid. ^ 

f 

Boiling 

point. 

olumeg of 
gas in a 
volume of 
liquid. 

850 

35-3 

*26“ 

494 

860 

32*6 

38 

456 

870 

29-9 

50 

419 

880 

27*3 

62 

382 

890 

24-7 

74 

346 

900 

22-2 

86 

311 

910 

19*8 

98 

277 

920 

17-4 

110 

244 

930 

,151, 

122 

211, 

940 

12-8 

134 

180 

950 

10-5 

146 

147* 

960 

8-3 

158 

116 

970 

6*2* 

173 

87 

1 980 

4-1 

187 

57 

i 990 i 

J • 

i 2 

196 

28 


Davy found that the specific gravity of mfxtures of liquid 
ammonia and water is exactly the mean of tliat of tlie two 
ingredients. And this observation was confirmed by Dalton. 

It is easy, tlierefore, if we ean determine the specific gravity 
of a saturated solution, to determine the strength of liquid 
ammonia of every other strength. 

8. When this gas is passed through a red hot porcelain or glass coraposuion 
tube, it is decomposed into azotic and hydrogen gtises.! When 
the tube is filled with wires of iron, copper, silver, gold, or 
})latinum, the gas is much more easily decomposed than when 
it is exposed to a simple red beat. Irsn is lAie most efficacious 
of thesejnetals in promoting the decomposition of the gas, and 
platinum the least. The others are efficacious in the order in 
which they have been named. The iron by this process is 
rendered brittle, but its weight is not altered. J The reason of 
this decomposition being promoted by tjiese metals is, that they 
have an affinity for hydrogen, with which they combine at a 

* New System of Chemistry, ii. 422. "f Priestley on Air, ii. 39^ 
t Thenard; Ann. de Chim. Ixxxv. 61. 
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particular temperature. But the compound being feeble is 
destroyed^ and the hydrogen driven off^udien the temperature 
is elevated above the proper point, lienee the reason why 
the iron is left brittle. This has beefii shown to be the cause 
tK)f the phenomenon by thqjate e3q>eriments of Despretz. 

'W^heh ammoniacal gas is put into a ghiss tube, into which two 
platiniun wires are hermetically sealed opposite to each other, 
and separated by a small interval, (the common eudiometer of 
F<;atana will answer, very well), fis in the margin, and 
electrical sparks are ptissed through it, the gas undergoes 
decomposition. The tube must be phiced inverted over 
mercury, and as the process is tedious, the quantity of 
gas should not exceed the tenth of a cubic inch. Both the 
gas and the mercurj'^ should be as dry as possible. ' This 
process was first attempted by Dr. Priestley, who ascer- 
fciined that electric sparks occasioned a considerable 
increase; in the bulk of tlip gas^* Berthollet repeated 
this process with the requisite care, showed that 1 A’olume of 
gas was increased ,l*f> volumes, and that it consisted after 
the decomposition of 1 volume of azotic gas and 2’63 volumes 
of hydrogen gas.f Ber^iollet, junior, repeated these experi- 
nj.ents, and showed that the volume of the gas m’JIS ilouhled, 
and that the new gas was composed .v'ery nearly of 1 volume 
of azotic gas an^^ 3 volumes of hydrogen gas united together, 
and condensed into two volumes.:!: These ex]>eriments w'ere 
repeated and confirmed by Dr. Henry§ and Sir II. Davy. || 
And Gay-Lussac showed by satisfactory evidence, that the 
volumes of the constituents are exactly 3 hydrogen and 1 
azotic gas condensed into two volumes.^ So that no doubt 
wluitcver remains respecting the true constitution of ammonia. 
It is composed by weight of 

Hydrogen 0-0694 X 3 = 0-2083 or 0-375 
Azote 0-9722 or 1-75 


2-125 

Hence it is a compound of three atoms of hydrogen and one 
atom of azote; and its atomic weight is 2-125. About the 
constitution of this body all chemists are agreed. But those 
gentlemen who consider water as a compound of 1 atom oxygen 


* Priestley on Air, ii. 3S9. 
t Mem. d’Arcueil, ii. 268. 
il Chemistry, p. 269. 


f See Mem. Paris, 1783, p. 136. 
§ Phil. Tr^s. 1809. 

H Mem. d'Arcueil, ii. 253. 
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and two atoms hydrogen, of course reduce the atomic weight “• 
of hydrogen to 0’0BS|^, and that of azote to 0*87i5. Hence 
they consider the atomic weight of ammonia as only 1*0625, , 
or a number approaching this very nearly. 

Dr. Henry discovered tMht whe* ammoniacal*g^s.is mixeTl^^*^p„ 
with oxygen it detonates by the^ electrical spark. Bui when 
the quantity of oxygen necessary for dbnsuming the •whole 
hydrogen of the gas is added at first, there is formed by the 
explosion a quantity of nitric af;id, which prevents us from 
determining the true composition of the ammonia. He pro- 
poses therefore to add to the ammoniacal gas at first, a smaller 
quantity of oxygen than is requisite, £ind to fire the mixture. 

To the residual gas, after the first detonation, an additional 
dose of oxygen is added, and the detonation repeated. Suppose 
we have 100 volumes of ammoniacal gas in the eudiometer, 
add 5(V^olumes of oxygen, and pass an electrical spark through 
the mixture. The oxygen* will be entirely eonsumed. Add 
30 additional volumes of oxygen and detonate again. Note 
the diminution of bulk. One-third of i<> denotes the oxygen 
consumed. This added to the first 50 volmnes of oxyen used, 
will give the whole oxygen consumed, the double of that §ives 
you the volume of hydrogen in the ammonia. This quantity 
subtracted from double the volume ‘of the ammoniacal gas 
decomposed, leaves the volume of azotic ga^* I have tried 
this method and obtained tolerable approximations from it, but 
have not found it so exact as the tedious method of decompos- 
ing the ammonia by electricity. 

But the action of chlorine on amfiionia may be employed to »ecoinpo«e<i 
give us the volume of azotic gas, which it contains with rigid 
exactness. It was first observed by Scheele that when chlorine 
and ammonia, each dissolved in water, are mixed together, 
azotic gas is disengaged and sal ammoniac formed. When 
these two bodi^ are mixed in the gaseous state, a sudden 
combustion, attended with detonation,«take» place. If into a 
bottle htJding two or three pintsof chlorine gas we pour about 
a drachm of strong solution of ammonia, the two gases gradually 
mix and detonation takes place. But th'es^ phenomena, though 
curious and instructive, are not of a natilre to give us correct 
information respecting the constitution of ammonia. But by 
means of the chloride of lime or hleachit^ powder, we may, by 
proper management Recompose a quantity of ammonia united 


I. 


* Phil. Trans. 1809. 
L 
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to a base, and collect the whole azotic gas which it contains* 
Tlie method of proceeding is the followjn^. Fill the belly of 
a small retort with chloride of lime reduced by water to the 
consistency of cream. Introduce intrf' it by the tubular 13*5 
grains of dry cal ammoniac u'rapt up in papef , put in the ground 
stopper, and rapidly plunging the retort into a trough \)f water 
drive out all^the air« from tfie beak. Then insert the beak 
into a small water trough, below an inverted glass jar filled 
with watei^ In a few minutes ‘the paper, in which the sal 
ammoniac was wrapt, becomes sufficiently moist to fall off 
and leave the sal ammoniac exposed to the action of the chlo- 
ride of lime. The ammonia is decomposed, and azotic gas is 
given out briskly. The mean of 7 experiments gave me 11*8 
cubic inches of azotic gas from 13*5 grains of sal ammoniac. 
Now sal ammoniac is composed of 

1 atom muriatic acid . . 4*625 

1 atom ammonia • . « . 2*125 


6*75 

Consequently 13*5 grains of it contain 4*25 grains of ammonia. 
No\f 1 1*8 cubic inches of azotic gas weigh 3*57 grains. Hence 
ammonia is composed of 

Azote •. . 3*57 of 1 volume 

Hydrogen . . 0*68 2*66 volumes 

4*25 

This result gives the quantity azote rather in excess. 
This small excess was probably derived from the water, which 
had indeed been boiled ; but which might, and probably did, 
absorb air from the atmosphere during the experiment. For 
24 hours usually elapsed before the volume of azotic gas was 
determined. 

9. There is.a curious experiment for which we are indebted 
to Berzelius and Fontiit, from which it has been concluded that 
azote is capable of uniting vpth 4 atoms of hydrogen, and of 
forming a compound to which the name of amnumiumaas been 
given. This ammonium is supposed to possess the characters 
of a metal. Sal ammoniac, according to Berzelius, is a com- 
pound of 

1 atom chldiine . . 4*5 

1 atom ammonium . ^ 2*25 


6*75 
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The atomic weight of ammonium is 2*25. The experiment upon sectii. 
which these conclusit>ii^ depend is as follows. 

Mercury, at the negative end of a galvanic battery, is placed 
in contact with a solution of ammonia, and the circuit com- 
pleted. It gradually increases in vtlume, and, when e^anded* 
to four of five times its former bulk, becomes a soft solid. • The 
experiment is easier, and the amal g am mf)re permanent, 'if sal 
ammoniac slightly moistened be substituted for liquid ammo- Amalgam of. 
nia. Davy made a cavity in a pi^ce of sal ammoniac slightly 
moistened, placed it on a plate of platinum attached to the 
positive end of the galvanic battery, put into the cavity about 
50 grains of mercury, and brought in contact with the mercury 
a platinum wire attached to the negative end* of the battery. 

A strong effervescence took place, much heat ■was evolved, and 
the globule in a few minutes had enlarged to five times its 
original* bulk, and had the appearance of an amalgam of zinc. 

This amalgam, at the temperature of 70° or 88°, is a soft solid 
of the consistence of butter ; at 32° it is a fi»m crystallized 
mass in which small facets appear, but having no perfectly 
defined form. Its specific gravity is below 3. When exposed 
to air it soon becomes covered with £t white crust of carbohate 
of ammonia. When thrown into water, a quantity of hydro- 
gen is evolved equaf to half its bulk, tlie mercury is revived, 
and the water becomes a weak solution of ammonia. When 
confined in a given portion of air, the air increases considerably 
in volume, and pure mercury reappears. Amrhoniacal gas 
amounting to or thewolume of the amalgam is evolved, 
and a quantity of oxygen equal to ^*th or ^th of the ammonia 
disappears. When thrown into muriatic acid gas it becomes 
coated with muriate of ammonia, and a little hydrogen is dis- 
engaged. In sidphuric acid it becomes coated with sulphate 
of ammonia and sulphur. All attempts made by Davy to pre- 
serve this amalgam failed, owing to the impossiUlity of freeing 
it entirely of water. W^hen put into^a glass tube, or when 
confinedjinder naphtha or oils, thewnercury separated, ammonia 
was formed, and a quantity of hydrogen evolved.* 

The result of the experiments of Gay-Lussac and 'ITienard 
is, that this amalgam is a simple combination of mercury nnd 
ammonia. But we are not able to form such a combination 
by any other method than the one just described. Nor do we 

* Davy’s Electro-chemical Researches on the Decomposition of 4he 
Earths, &c. Phil. Trans. 1808. 
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know any example of mercury being capable of amalgamating 
with any cSubstance except a metal. isWhen it miites with 
other bodies, as oxygen, sulphur, oils, &c. it always loses its 
metallic lustre. The nature of this ^algam is still involved 
*in obscurityf The circurAStance'^that whhn the amalgam is 
destroyed, ammonia and hydrogen gas are always evdlved, and 
that these bodies, together with the mercury, equal tlie weight 
of the amalgam, gives some plausibility to the notion of Ber- 
zelius; but it cannot be considered as proved, and far less 
adopted as an established principle. 

10. Ammonia possesses the characters of an alkali very 
decidedly. It neutralizes the acids, and forms with them salts, 
many of which are well known, and of considerable importance. 

VII. It would be difficult to give a table of the order in 
which the different bodies which unite with azote, decompose 
these compounds. None of them can be considered -as very 
intimate, since they can all without exception be destroyed by 
the application of a sufficiently strong heat. In this respect, 
they differ exceedingly from the compounds of hydrogen. 

It is curious that the compounds of azote and oxygen are 
all Supporters of combustion; wdiile those of hydrogen and 
oxygen are not so. 

VIII. Chemists have been inclined to consider azote as a 
compound, and many attempts have been made to decompose 
it, though without success. 

SECTION HI. OF CAKBON. 

Carbon exists in immense quaiitities in the vegetable king- 
dom, and is easily obtained by heating woods in close vessels 
in a state of greater or less purity. It exists likewise in the 
earth in two distinct states, which are distinguished by the 
names of anthracite and plumbago. It occurs also in another 
state in which it is crystallized and transparent. In this state it 
is called diamond There is still another state in which this 
substance exists seemingly 4n considerable purity. In this 
state it has been known only since the general use of coal gas 
to illuminate the streets. It may be called coal gas charcoal. 
It will be proper to give a short description of each of these 
different substances or states of carbon. 

1. Wood charcoal maj^ be obtained in two very different states, 
which it is necessary carefully to distinguish. If we put 
pieces of wood into a stone-ware retort, and expose to a heat 
nearly equal to that at which mercury boils, and keep it at that 
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temperature, till all vapours cease to be emitted, and then Sect. iii. 
allow the whole to C(h\ we obtain a black shining m^^s having 
the shape of the pieces of wood employed ; but much lighter. 

This may be called charcoal^ formed at a temperature below nt. Formed 
igniHon. It bums fery well*and ve»y readily; bu4 during the 
combustiob, it gives out both some smoke and some fiame^ It 
is a non-conductor of electricity, and cannot be e^nployed as 
one of the elements of the galvanic pile. It is a very»bad 
conductor of heat; so much so that one extremity may be 
lighted, while the other extremity is held in the hand. 

2. If the heat be raised to redness, and kept at that temper- Sd. Formed 
ature till all smoke and vapour cease to be emitted, and then 
allow the retort to cool, the charcoal obtained is black, and as 
in tlie former case, has the shape of the pieces of wood from 
which it was formed. It is now an excellent conductor of 
electricitjj, and may be substituted for one of the metals in the 
galvanic pile. It is als* a good conductor o£ heat, and not 
nearly so combustible as the first species of chafcoal.* This 
second kind of charcoal may be called charcoal formed at a 
red heat. It is the species in common use, and is always 
understood when chemists speak of eharcoal, unless the rt>n- 
trary be distinctly stated. 

Charcoal for common* purposes is taost commonly made Common 
from hirch. The faggots are piled up into a ktnd of cone, and 
being covered with turf to exclude the air, except by a few 
small holes left open at the bottom. They are lighted, and in 
consequence of the small siqiply of air, burn with a smothered 
flame. As the combustion ascends,* the holes at the bottom 
are closed up, and new ones opened higher up. W^hen the 
cones cease to give out smoke and vapour, all the holes are 
shut, and the combustion put an end to. The process requires 
to be carefully watched, to prevent waste from too rapid com- 
bustion. The slower the process is conducted, J;he greater is 
the quantity of charcoal obtained. 'M)0 lbs. of wood yield 
usually q,ljput 16 pounds of charccal. But when the wood is 
ignited in a retort, the quantity of charcoal amounts to 28 per 
cent. 

Charcoal is insoluble in water. It is not affected (provided Propertie*. 
that all air and moisture be excluded) by the most violent heat 
which can be applied, excepting only that it is rendered much 

* See Cheuvreusse, Ann. de Chim. et de Phys. xrix. 426. 
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harder and more brilliant.* It is much less liable to putrify or 
rot than ^wood, and is not therefore ^“apt to decay by age. 
This property has been long known. It was customary 
among the ancients to char the outside of those stakes which 
' were to be idriven into the grourtl or pladed in water, in order 
to preserve the wood from spoiling. New-made cliiircoal, by 
being rolled up in dlothes wiiich have contracted a disagreeable 
odour, effectually destroys it. When boiled with meat begin- 
ning to jititrefy, it takes away the bad taint. It is perhaps 
the l)est teeth-powder known. Mr. Lowitz of Petersburg!! has 
shown, tliat it may be used witli advantage to purify a great 
variety of substances.t 

When putrid water at sea is mixed with about ^th of its 
weight of charcoal powder it is rendered quite fresh, and 
a much smaller quantity of charcoal will serve if the precaution 
be taken to add a little sulphuric acid previously to tl»e water. 
If the water casks be charred before they are filled with M'ater, 
the liquid remains good in them for years. This })recaution 
ought always to be- taken for long sea voyages. The same 
precaution, when attended to for wine casks, will be found very 
muth to improve the quality of the wine.:|; * 

. New-made charcoal absorbs moisture with avidity. Messrs. 
Allen and Pepys fouird, that when left for a day in the open 
air, it increased in weight about 12^ per cent. The greatest 
part of this increase was owing to moisture which it emitted 
again copiously when exposed under mercury to the heat of 
214 °.§ 

When freed from the* air which it may contain, either by 
heat or by being placed under an exhausted receiver, it has the 
property of absorbing a certain quantity of any gaseous body 
in which it may be placed. Lametherie made some experi- 
ments on this subject many years ago.|| Count Morozzo 
made many cyrious observations on the quantity of different 
gases absorbed by- charooal.^ These were varied and extended 

|V 

* This property was well known to the older chemists. See-IIoffinann’s 
Observationes Physico-Chymicae Selectiores, p. 298. 

f See upon the properties of charcoal the experiments of Lowitz, Crell’s 
Anpals, ii. 165. Engl. Trans, and of Kels, ibid. iii. 270. 

I Berthollet, Ann. de Chini. lix. 96 ; and xciii. 150* 

j Allen and Pepys on ^Se quantity of carbon in carbonic acid. Phil. 
Trans. 1807. ^ 

II Jour* de Phys. xxx. 309. # 

y Jour, de Phys. 1783, p. 376. Nicholson’s Journal, ix. 255, and x. 12. 
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still farther by Messrs. Rouppe and Van Noorden of Rotter- ”i- 
dam.* But the md&^complete and satisfactory se^ of experi- 
ments on the absorption of gases, by charcoal, has been made 
by M. Theodore de sAissure.f His method was to eat the 
bit of charcoaVred hot, to ^lunge«t while in that state under 
mercury, and then to introduce it when cold into the’gag to be 
examined. He always employed box-wood ch^coal. • The 
following table exhibits the bulk of the various gases absorbed 
by a volume of charcoal reckoned one : 


Ammoniacal gas 

' Volumes. 

90 

Muriatic acid 

85 

Sulphurous acid 

65 

Sulphuretted hydrogen 

55 

Nitrous oxide 

40 

Carbonic acid 

35 

Olefiant gas • . 

, 35 

Carbonic oxide 

9-42 

Oxygen .... 

.. . 9-25 

Azote .... 

7-5 

Oxy-carburetted hydrogenj 

. . 5* • 

Hydrogen 

1*75 


The absorption of all these gases terminated at the end of 
24 hours, and was not increased by allowing the charcoal to 
remain in contact with the gas. From Saussure’s experiments 
it seems clear tliat this absorption of the gases, by charcoal, is 
analogous to the capillary attraction of liquids by very small 
tubes. • 

AVhen charcoal already saturated with any gas is put into 
another gas, it gives out- a portion of the gas already absorbed, 
and absorbs a portion of the new gas. The proportions vary 
according to the relative absorbability of the two gases. 

Charcoal, supposing it to have been exposed to a sufficiently consiiu of 
high temperature, contains very little«else than carbon. If we 
burn i^^in a platinum tray, kept at a red heat, and exposed 
freely to the action of the atmosphere, a small quantity of 
white ash always remains. Tliis consists partly of potash and 
partly of the various alkaline and earthy salts that exist in 


• Ann. de Chim. xxxii* 3. ^ 

+ Annals of Pl^Uosophy, vi. 241, and 331. 
f Gas from moist charcoal of the specific gravity 0'3326. 
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wood. Tlie quantity of this ash varies in the charcoal obtained 
from different woods. When charcoal is, burnt in close vessels, 
traces of water always appear, indicating the presence either of 
hydrogen or of water in the charcoal. Fi^om Davy’s experiments, 
^e learn thaljithe quantity -^f hydrogen in well burnt charcoal 
is very small, as the water formed always totally disappears on 
standhig, beipg not more than can assume the form of vapour, 
at th^ common temperature of the air in the volume of oxygen 
gas, necessary to consume the charcoal. 

The specific gravity of charcoal, when taken in the usual 
way, appears small ; for it floats in water. Yet if we reduce 
it to a fine powder it sinks readily in that liquid. When we 
take the specific gravity of charcoal by the method invented by 
M. Say,* and lately improved by Professor Leslie, which 
enables us to exclude all the cavities filled with air, and merely 
to estimate the bulk and weight of the solid portion, the specific 
gravity comes oujt; about 3*5. Heiu^e t]^ apparent lightness is 
merely owing tq^ the numerous cavities wliicli the charcoal con- 
tains, and to which the water into which we plunge it cannot 
penetrate. 

2.€.The mineral called qjithracite occurs most commonly in 
\\i^J>ransition formation, though there are well known exam- 
ples of its occurrence in considerable quantity among the com- 
mon coal-beds. *Thus it occurs on the banks of Ayr river in 
Ayrshire. I suspect, too, that the culm of Wales occurs in 
the common coal beds, though I am not aware that its position 
has been accurately investigated. The Kilkenny coal in Ire- 
land, which is a species of ^anthracite, occurs in the coal for- 
mation. There is a thick bed of anthracite in the state of 
Pennsylvania, extending above 100 miles in length, partly 
parallel to the Blue Mountains, and partly along the banks of 
the Susquehanna. The country, as Mr. Maclure informs us, 
is transition ; but the beds, as described by Mr. Cist, and also 
the vegetable remains, aj^e similar to those which occur in the 
common coal formation.^ A^ similar bed of anthracite occurs 
in Rhode Island ; J and another of great extent along tie banks 
of die Arkansas, as we are informed by Mr. Bringier.§ 

Anthracite was called by W^erner glance coal from its supe- 
rior lustre. In this country it is known by a variety of names. 


* Ann. de Chim. xxiii. "1. 
X Ibid. xi. 78. 


f Silliman’s Journal, iv. 1. 
§ Ibid. iii. 41. 
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according to its locality or the use to which it is put. That at ^ 
Cumnock, and on the •Ayr in Ayrshire, is commonly called black 
lead. It is called blind coal^ because it burns without flame ; 
fmd coal, when much contaminated with earthy matter. Those 
varieties which adnoAt of beiflg cut into ornaments are called* 
jet, and sftmetimes pitch coal. 

The colour of anthracite is black, and its lustre usually propcrtit*. 
splendent. When the fracture is conchoidal the 'mineral is 
pale, and it approaches the colour •of lead; when fdliated the 
lustre is semimetallic, and it approaches the colour of copper. 

The specific gravity is about 1*4354.* Some varieties are said 
to be as high as 1*5, or even higher; but I have not myself 
met with any specimens having a specific gravity so high as 1*5. 
Anthracite is easily broken and reduced to powder. It burns 
without flame, and requires a high temperature to set it on fire. 

After the combustion there remains a small quantity of ashes, 
which constituted a foreign matter accidentally.mixed with the 
anthracite. From the experiments of Mr. Lar^ner Vanuxem 
it would appear, also, that water constitu1«;s an ingredient in 
anthracite, doubtless only meclianically lodged in the pores of 
the mineral. He analyzed a number of si)ecimcns of anthra- 
cite, and obtained the following results 

* • 

1. A very pure Lehigh specimeu. consutuenu. 


Charcoal ...... 

Water ...... 

Silica ^ ... . 

Alumina . » . . 

Oxides of iron and manganese 


Ashes com- 
posed of. 


90*1 

6*6 

1*2 

1*1 

0*2 


99*2 

2. Rhode Island Anthracite. 

Charcoal . . . . ^ 90*03 

Water . . . ^ , . . 4.9O 

Ashes : • • • • 2*14 

_ Oxides of iron and manganese , 2*50 

99*57 

* This is the specific gravity of Kilkenny coqp See Annals of Philoso- 
phy ( 1 st series), XV. 394 . ^ 
t Silliman’s Journal, x. 102, 
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Ill 
6-7 
8*5 

7*1 

100*0 

I analyzed Kilkenny coal by heating it with black oxide of 
copper, and collecting the carbonic acid formed. One grain 
of the coal thus treated yielded 7*06 cubic inches of carbonic 
acid gas, which is equivalent to 0*913 grain of carbon. One 
grain of the coal when burnt completely, left 0*04 grain of a 
reddish brown earth, consisting of a mixture of silica and oxide 
of iron. Hence the constituents of Kilkenny coal were, 

ft r ^ 

Carbon .... 91*3 

Ashes .... 4*0 

95*3 

The loss amounting to 4*7 per cent. I ascribed to the presence 
of oxygen in the coa5. It could Eot have been owing to 
hydrogen, otherwise water would have been formed. Had it 
been owing to azote, a mixture of that gas with the carbonic 
acid in the receiver would have been detected.* If the loss 
be really oxygen, then Kilkenny coal is a compound of 

o 

1 atom oxygen = 1 

26 atoms carbon = 19*.5 

20*5 

numbago. 3. PlunAogo. This mineral occurs in detatched masses in 
primitive rocks, gneiss, mica-slate, granular lime-stone, and 
serpentine. It occurs also<^in greenstone and amvgdaloid, 
though much less frequently. We have no sufficient evidence 
that the ancients were acquainted with it. But it has been 
employed for the manufactme of black lead pencils for at least 
three centuries. The plumbago mine at Borrowdale in Cum- 
berland began to be wrought during the reign of queen 


3. Another Rhode Island specimen. 

—————— 

ChaS’coal . . . . C . 

Water ...... 

f Silica . . ^ ^ . 

Ashes Alumina tralce, oxides of iron and 
C manganese .... 


* See Annals of Philosophy, xv. 394. 
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Elizabeth. This is the mine which yields the only plumbago 8cct in. 
known to answer foi^n^aking black lead pencils ; thoygh I have 
been told by some pencil makers, that Spanish plumbago is 
also used for the same purpose. 

Werner pl^mbcigo tlft name«)f graphite^ inconsequence^ 
of its usd in the manufactory of pencils. In this country it is 
usually called hlach had. It was not distinguished from molyb- 
dena till Scheele’s experiments upon it became known t« the 
chemical world. 

Plumbago is a soft mineral having a greasy feel, the metallic Propertio. 
lustre, and a colour approaching that of iron. It is sectile and 
rather tough. It sometimes exhibits a foliated texture, while 
sometimes no such texture can be distinguished. It is said to 
have been met with crystallized in six-sided prisms, with a 
cleavage parallel to the base of the prism. Its specific gravity 
vf^ies fr,om 1*9 to 2*32. Like charcoal it is a conductor of 
electricity. When strwigly heated it consumes away mthout 
flame, leaving usually a yellow coloured ash. *When thrown 
into saltpetre, previously heated to redneiis, it deflagrates with 
it as violently as charcoal does. From the experiments of 
Davy it a})pears, that when burnt iii» oxygen gas, not only*car- 
bonic acid but a little water is also formed. But the quantity 
of water is very small, being less than 4s yielded even by well- 
burnt charcoal. Hence plumbago consists essentially of car- 
bon. The ash which remains, and which is obviously a foreign 
substance, varies very much both in its quantity and constitu- 
tion, as will appear from •the following analyses of different 
varieties of this mineral. 


I. Specimens analyzed by Mr. Vanuxem.* 


Carbon 

88-37 

. . 61-27 . 

. 95-4 

Water 

1-23 

. . 5-33 . 

0-6 

Silica 

5-10 

. . 10-10 . 

. 2-6 

Alumina 

1-00 

. . ,3*20 .* 

9 * 

Oxides of iron and 

• 


fhanganese 

3-60 

.* . 20-00 . 

. 1-4 


99-30 

99-90 

100-0 


* Silliman’s Jour. x. 105. The first specin^n was from Borrowdale, rfhd 
very pure. The second from the same localit^^jbut impure; the third was 
a very pure specimen fro^ Bustletown, Pennsylvania. 
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Chap. II. 


Diamond. 


II. Specimens of ashes from English and Spanish Plundtago, 
analyzed hy Schrddj'r.* 

200 grains of tlie aslies of a compact graphite from Borrow- 
dale gave, ^ 


Protoxide of iron 

• 

• 

• 

11*6 

SiUca 



• 

7 

Alumina 

• 



4*6 

Titanic acid 

• 

• 

• 

6*3 

29*5 


200 grains of the ashes of a specimen of Spanish graphite 


gave. 

Protoxide of iron . , . 14*2 

Silica . . . 3’0 

Alumina . . . 2*4 

Oxide of copper . . . 1*0 

Titaiiic acid . . . 3*1 


23*7 

« 

Itiis obvious enough that the oxide of iron and alumina were 
in combination with the titanic acid and»silica, and consequently 
that the opinion of Berthollet, that plumbago is a compound 
of carbon and iron, cannot be well-founded. 

4. The diamond is a mineral which has been known and 
prized from the earliest ages on account of its beauty and 
scarcity. For many years it was obtained only in India, where 
it appears to occur in an alluvial soil, or in a sand-stone breccia 
composed of fragments of jasper, quartz, chalcedony, and hom- 
stone, cemented together by a quartzose paste, passing into a 
puddingstone composed of rounded pebbles of the same sub- 
stances, cemented by an argillo-calcareous earth.f Towards 
the beginning of the 1 8th century diamonds were accidentally 
discovered in the district oJ Cerro do Frio, in Brazil ; and 
since that period they have been found in various other pro- 


* Xnnals of Philosophy, i. 294. 

This is Mr. Voysey’s ac''Ount of the structure of the Nalla Malta Moun- 
tains in Hindustan, where ‘ diamonds occur. See Phil. Mag. (2d series), 
i. 147. 
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vinces of that extensive country. It is from Brazil that by far 
the greater niunber of diamonds for the European market come. 

The localities in Brazil ^here diamonds are found are all allu- 
vial. But from a specimen described by Mr. Heuland,* there 
is reason to suspect" that the*real matrix of the diamond in that* 
country ft a brown iron stone, which occurs in thick veijis or' 
beds, resting on chlorite slate ; and, therefore, tather tmnsi- 
tion or primary; most likely the latter. It is said that* dia- 
monds have lately been discovered in Russian Siberia; but 
no accurate information on the subject has yet reached this 
country. 

The diamond is usually white and perfectly transparent; vropertie*. 
though it occurs also red, green, yellow, blue, and even black. 

Its lustre is splendent, and so much superior to that of most 
other bodies, that it is distinguished by the name of diamond 
lustre. • It is frequently crystallized. The primary form is 
the regular octahedron^ bu^ it occurs also ii* cubes, and in 
rhomboidal dodecahedrons. The faces are convnonly curved. 

The specific gravity varies from 3*4 to 3*8. The most usual 
specific gravity is about .3*52. It is the hardest body in nature. 

Its texture is foliated. It is broken by a blow without diffictflty. 

It refracts singly and more powerfully than other transparent 
bodies of the same density ; but incontbtistible. It is a non- 
conductor of electricity. 

This mineral was long eonsidered as incombustible. But 
Newton, from its property of refracting light so powerfully, 
conjectured that it was capable of burning. This conjecture 
was verified in 1694, in the presente of Cosmo III. Grand 
Duke of Tuscany. By means of a biu*ning-glass the Floren- 
tine Academicians consumed several diamonds.-)- In 1751, 

Francis I. Emperor of Germany, witnessed the destruction of 
several more diamonds in the heat of a furnace.;}: These expe- 
riments were repeated by Darcet, Rouelle, M^cquer, Cadet, 
and Lavoisier, who proved that the diamond was not merely 
evaporate^ but actually burnt, and that if air was excluded it 
underwent no change.§ 

Mr. Lavoisier prosecuted these experiments with his usual 

* Geological Trans. (2d series), i. 419. 

■)■ Giornale deLitterati d’ Italia, tom. viii. art!^. The experiments were 
performed by Averani. . 

\ Das Neueste aus der ifnmuthigen gelehrsamkeit. Aus das Jahr, 1751, 
o. 540. 

§ Mem. Par. 1766, 1770, 1771, 1772. 
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Chap. 11. 


Composed of 
carbon. , 

r ’ 


precision ; btirnt diamonds in close vessels by means of power- 
ful bumini^-glasses ; ascertained that, ^Ang their combustion, 
carbonic acid gas is formed ; and that in this respect there is a 
striking analogy between them and charcoal, as well as in the 
•affinity of both when healed in fclose vessels#* A very high 
‘‘temperature is not necessary for the combustion of the'diainond. 
Sir George .Mackeneie ascertained that they burn in a mufflef 
when heated to the temperature of 14° of Wedgewood’s 
pyrometef; a heat considerably less than is necessary to melt 
silver.^ When raised to this temperature they waste pretty 
fast, burning with a low flame, and increasing somewhat in 
bulk; their surface too is often covered with a crust of char- 
coal, especially when they are consumed in close vessels by 
means of burning-glasses.§ 

In 1785, Guyton-Morveau found that the diamond is com- 
bustible when dropped into melted nitre ; that it burns fvithout 
leaving any residuum, and in a mannej; analogous to charcoal. || 
Mr. Smithson pennant repeated this experiment with precision 
in 1797. Into a tube of gold he put 120 grains of nitre, and 
2*5 grains of diamond, and kept the mixture in a red heat for 
halfl an hour. The diaiyond was consumed by the oxygen, 
wljich red-hot nitre always gives out. The carbonic acid 
formed was taken up by«neans of lime„andh,fterw€ards separated 
from the lime tlhd measured. It occupied the bulk in one 
experiment of 10*3 ounces of water, and in another of 10*1 : 
the mean is equal to 19'36 inches of carbonic acid, which have 
been ascertained to weigh 9*19 g^^iins. Now 9- 19 grains of 
carbonic acid contain 2*506 grains of carbon. This approaches 
so closely to the weight of the diamond burnt, that no, doubt 
can remain, provided the experiment be accurate, that diamond 
consists of pure carbon.^ 

The experiments of Lavoisier were -repeated in 1800 by 
Morveau; butjiis experiments were inaccurate, as was after- 
wards admitted by himself; his consequences, of course, are 
entitled to no attention. Tl^ combustion of the diamond in 
oxygen gas was repeated in 1 807, with every requisite precau- 
tion, by Messrs. Allen and Pepys, and their results agree very 
• 

* Lavoisier’s Opuscules, ii. as quoted by Macquer. Diet. i. 337. 
f A muffle is a kind of ^all earthen-ware oven, open at one end, and 
fitted into a furnace. • 

i Nicholson’s Quarto Jour. iv. 104. 

^^Macquer and Lavoisier. Macquer’s Diet. Ibid. 

11 Encyc. Method. Chim. i. 742. % Phil. Trans. 1707, p. 123. 
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nearly with those of Tennant.* It has been repeated still ***• 
more lately by Sir Hf Davy, with nearly the same result.^ It ~ 
seems therefore demoniteated that the diamond and charcoal 
are composed of very ne»ly the same basis. 

5. The nature and state ef the tliarcoal from«coal gas is Qpal gas char, 
highly deserving of attention ; beeause it is more likely than 
any thing else to throw light upon* the origin of tl^p dianumd. 

It is well known that coal gas is obtained by heating pit «oal 
in eliptical iron retorts till it ceases to give out gjite. Very 
soon there is a deposition of carbonaceous matter at the inner- 
most extremity of the retort, which gradually extends 
along the sides to the mouth, and increases in thickness in spite 
of all the endeavours of the workmen to prevent it. When 
this crust gets to a certain thickness it occasions such a waste 
of fuel, in consequence of its being a bad conductor of heat, 
that the, retort is obliged to be laid aside. J This crust has an 
iron grey colour, with s^rcaly any lustre. exhibits also 
numerous patches of black, as if it were covered jn these parts 
with lamp-black. These indicate the position of the concentric 
layers, and are composed of layers concentric with the walls of 
the retort, though this structure Ls no< easily perceived in 4he 
pieces taken out of the retort. It is not hard, being easijy 
scratched by calcarcdus spar. It scratolies crystals of sulphate 
of lime. Streak black. It breaks with a smooth earthy frac- 
ture. It is tough and not easily pounded, and requires a high 
temperature to burn it. Specific gravity 1"860. 

It is no uncommon thing',in a gas manufactory for an iron sd. Deposited 
retort to crack. When this crack is^mall, and tlie escape of 
gas by it is small, it is still employed for distilling coal. In 
such cases there is deposited on the inside of the case of brick- 
work, in which the retort is coated, a beautiful mamillated 
crust of carbon. Its colour is iron-grey, the lustre is splendent 
and metallic. It seems composed of a kind of sca^s firmly com- 
pacted on each other, and rising into iijiperfect columns some- 
what like a stalagmite. It requires as high a temperature to burn 
it as plumbago does. But it exhibits no appearance of containing 
any other constituent than pure carbon. Its specific gravity 
is 1*767. When held in the flame of a spirit lamp it becoqies 
red hot, but does not bum. By this process it loses a goo(l 

* Phil. Trans. 1807. f Ibid. p. 557. 

t Probably its conductit\|r power would be improved, if the retort con- 
taining it were exposed for half an hour to as high a temperature as it could 
bear without fusion. 
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Chap. II. 


!)d. Depositc 
in a rea hot 
iron vessel. 


Cause of the 
dei>osition. 


'deal of its lustre. It does not dMagrate with nitre unless it be 
strongly ^ignited. The deflagration is then very violent. 

® There is another appearance, whiih the carbon deposited 
from coal gas puts on still more remarkable. It was discovered, 
examined, and described < with mtich skill and accuracy, by Dr. 
Colquhoun of Glasgow, and occurred during the trials of Mr. 
Macintoshcof Crossbasket, to convert iron into steel, by sur- 
rounding it in a state of ignition with coal gsis. To make 
these experiments, an air-laght iron chest was constructed, in 
which the specimens of iron to be steelified were placed. 
The chest was so placed in brick-work, that it could be kept in 
a state of ignition as long as was required. The gas was 
introduced by a tube, and the excess waS5 allowed to make its 
escape, and bum away by means of a tube with a narrow ori- 
fice proceeding from the opposite side of the chest. There 
was a copious deposition of charry matter during the .whole of 
these experiments ; and the deposite^put on a great variety of 
appearances ;,6ometimes resembling lamp black, only harsher and 
harder to the feel; •sometimes resembling the deposites in the 
inside of the iron retorts. But by far the most remarkable deposite 
w^ under the form of beautiful tufts of long capillary threads 
lying close togetlier like a lock of hair. These threads varied 
in length from one indi to eight inches of tnore. They varied 
also in thickness from that of the hair of a horse’s mane to the 
finest filaments of a spider’s web. The colour was black, and 
the lustre splendent. These hairs cannot be bent without 
breaking, but they possess considerable strength considering 
their size. Dr. Colquhoun subjected them to a rigid analysis; 
but could detect in them nothing but carbon.* When lield in 
the flame of a spirit lamp, they become strongly ignited; but 
do not consume nor lose their appearance. In nitre, strongly 
ignited, they deflagrate with great violence. All these three 
varieties of c^bon are good conductors of electricity. * When 
the second variety is deflagrated with nitre, it exhibits traces 
of iron;- but the other two vn.rieties contain none of that metal. 

I suspect that, the deposition of the carbon in these cases is 
connected with the affinity which exists between hydrogen and 
iron. Were we to admit that at a certain temperature hydrogen 
unites to iron, we could easily see why the carbon should be 
deposited, and why b^ing in a state of the finest possible divi- 
sion, its particles shoilld be at liberty to arrange themselves 


* Annals of Philosophy (new series), xii. 1. 
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symmetrically. The filamifentous form which it assumes In “*• 
such cases, probably^lepends upon the comparative slowness of 
the cooling, or on the Mmparative slowness of the decomposi- 
tion of the gas. If we had any method of regulating the rapidity 
of these decompositions at piteasure^e should probably be abla 
to procufe regular crystals of carbon. The filamentous ^te is” 
probably a commencement of crystallization. It very analo- 
gous to asbestus. Now as asbestus is a peculiar variety some- 
times of amphibole, and sometimes of pyroxene ; pef haps some 
light might be thrown upon the subject by a careful examina- 
tion of the situation in which asbestus is found, and the rocks 
with which it is associated.* 

Of these five states in which carbon occurs, we have reason 
to believe, that it is purest or freest from all admixture of 
foreign matter in the diamond. The carbon from coal gas 
comes next in point of purity. If it contain any other consti- 
tuent besides carbon, it* must exist in very ntinute quantity. 
Anthracite, plumbago, and charcoal, are also' vejjy nearly pure 
carbon, if we abstract the earthy and metallic matters with 
which they are usually more or less mixed. They contain 
also traces of hydrogen or rather of» water, from which k is 
very difficult to free them. A black colour and opacity qjre 
the usual characters *of carbon; but we see from the diamond, 
that neither of these characters is essential. But when carbon 
is precipitated from gases, it usually appears under these forms. 

Carbon combines with all the supporters of combustion ; and 
likewise with hydrogen a*d carbon. Let us take a view of 
these combinations. 

II. There are three combinations of carbon and oxygen Forms three 
known ; namely, carbonic acidi carbonic oxide^ and oxalic acid. w*th oxygen. 
The first and third, as the name implies, possess acirf properties; 
the second is neutral, or at least has not hitherto been observed 
to liave any tendency to combine eitlier with bs^es or acids. 

1. It was known even to the ancients,* that when charcoal is 
burnt in a given volume, of air, tW>ugh the fumes emitted are 
distinguisCed by no disagreeable smell ; yet the nature of the 
air is so much altered, that animals can no longer breathe it 
without death. The nature of the change thus induced inj;he 
air, was . first investigated by Lavoisier. He showed that when 
charcoal is burnt in air, or in oxygen gdll^ the bulk of the fluid 

* It is a curious enough circumstance; though 1 cannot account for it, that 
the asbestous form of minerals is connected with their occurrence in serpen- 
tine rocks. 


M 
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Chap. II. is not altered. When pure oxygen gas is employed, and a 
sufficient ^quantity of charcoal is burnt '4n it, by means of a 
burning-glass, the oxygen totally disflppears, and is replaced 
by an equal volume of another g^s, which had been previously 
examined by Mr. Cavendish, afind which may be obtained 
abundantly, by dissolving calcareous spar or chalk itt an acid, 
and collecting the gaseous fluid which is evolved. Dr. Black, 
whohfirst noticed this gas, called it fixed air. But Lavoisier 
having foilnd that it is equad to the weight of the oxygen gas, 
and carbon consumed, drew as a conclusion that it is a com- 
pound of carbon and oxygen; and, on that account, g^ve it the 
name of carbonic acid.* 

How obuiD. q’jjg easiest method of procuring carbonic acid gas is the 
following. Put into the Wolfe's bottle a, having two mouths, 

a number of fragments 
of limestone » or cal- 
careous spar, each 
about the size of com- 
mon beans. Then fill 
the bottle about half 
full of water. The long 
funnel 6, is then to be passed air tight through a perforated 
cork in one of the mouths of the jar^ and made to pass to the 
bottom of the bbttle. From the other opening, the bent glass 
tube c, passes into the water trough d, and terminates under 
the mouth of tlie jar c, filled with water, and standing inverted 
upon the shelf of the trough. A /juantity of muriatic acid is 
then poured through the funnel b into the bottle ; an eflerves- 
cence takes place, carbonic acid gas is evolved in gp*eat abun- 
dance. It passes along the glass tube c, and speedily fills the 
jar e. We should not begin to collect it, till all the atmo- 
spheric air previously in the Wolfe’s bottle and glass tube, has 
had time to make its escape. If we put a solution of caustic 
potash into a glass tube,tand let up a little of the gas into it from 
time to time, we will be sure that the carbonic acid gjas is per- 
fectly pure, when it is wholly absorbed by the potash. 

Instead of muriatic acid, we may employ sulphuric acid; 
but in that case, the calcareous spar must be in the state of a 
fine powder, and the acid must be diluted with three or four 
times its bulk of wat6r. In such cases, we may substitute a 
"retort for a Wolfe’s bbttle, and the extrication of the gas will 



* Mem. Paris, 1781, p. 448. 
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be promoted by the application of a lamp to the belly of the 
retort; though sucltan application is not absolutely necessary. 

Tlie reason of thA method of obtsuning carbonic acid is 
this. Calcareous spar or limestone, is a compound of lime and* 
carbonic acid. • The muriatic or sulphuric acid combines with 
the lime, and sets the carbonic acid at liberty, which asi|umin^ 
the gaseous state, makes its escape from the liquid in amaerial 
form. 

Carbonic acid is a gaseous body, possessing the •mechanical Propertiei. 
properties of common air. It is invisible and colourless. But 
when applied to the nostrils, it excites a pimgent sensation, 
similar to what is experienced when a glass of brisk beer or 
wine is held to the nose. Its taste is that of a weak, but dis- 
tinct acid. 

The first experimenters upon this gas gave its specific gra- 
vity bglow the truth, doubtless, because they were not at suf- 
ficient pains to free it ifrom common air. According to Davy, 

100 cubic inches at the temperature of 60°, an^ when the baro- 
meter stands at 30 inches, weigh 47*11 ^grains. This would 
make the specific gravity 1*5126. According to the determi- 
nation of Biot and Arago, the specific gravity is 1*^96; 
according to Berzelius and Dulong, it is 1*5240. I foimd^the 
specific gravity, by»a mean of three trials, agreeing nearly with 
each other, 1*5267.* The true specific gravity, as I shall show 
immediately, is 1*5277. 

Its power of refracting light, that of air being 1, is, according 
to the experiments of Dqjong, l*526.f So that it is nearly 
proportional to its increase of specific gravity above that of air. 

Being an acid, we might expect that it would act upon vege- 
table blues. Its action, however, is but feeble. It produces 
no sensible effect upon water tinged blue by means of red 
cabbage. To the infusion of litmus it communicates a dis- 
tinct purple colour. But if we leave the infu|don in an open 
vessel the carbonic acid speedily escapes, and the blue colour 
is restored. 

No animal can breathe this gas. When the attempt is made 
the epiglottis is forcibly shut, so that none of it can make its 
way to the lungs. This is speedily followed by asphyxi^and 
death, unless the animal be instantly removed into pure air. , 

No combustible will burn in this gailf Indeed I find that if 

* An nail? of Philosophy, xvi. 244. 
f Ann. de Chim. et de Phys. xxxi. 1 66* 
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‘^‘***' ® candle be let down into a mixture of 9 volumes of air and 1 

volume of ^rbonic acid gas, it is instantly extinguished. Yet 
such a mixture might be breathed withi^t any great inconve- 
nience, at least for a short time. Hence workmen should not 
^descend into deep pits where this ‘•gas is apt to accumulate, 
withoi^ first ascertaining whether or not a candle will burn 
in it. 

Water absorbs this gas with considerable avidity. Hence 
though we '"Can collect this gas for experiment over water, wo 
must not allow the jars containing it to stand for any length 
of time over water, otherwise the whole of the gas will be 
absorbed and disappear. From the experiments of Mr. Caven- 
dish, it follows that 100 volumes of water are capable of absorb- 
ing under the ordinary pressure of the atmosphere 107 volumes 
of carbonic acid gas. Hence it is usually said that water is 
capable of absorbing its own bulk of this gas. W^hen the gas 
by compression ts reduced to one*half*or one-third its usual 
bulk, water, as Hr. Henry has shown,* still continues to absorb 
its own volume of it* Hence by increasing the pressure we 
may make water absorb any quantity of it whatever. What 
is c^led soda water, is water in which a little carbonate of 
soda has been previously dissolved, impregnated with about 
twice its volume of carbonic acid gas. . When the cork of the 
flask containing ^uch water is drawm, the second atmosphere 
which is retained in a compressed state, suddenly makes its 
escape. Hence the effervescence or briskness which such liquid 
displays. The briskness of beer, ofi'Cydcr, and of champaign, 
is owing to the existence Of carboiiic acid in them, in a com- 
pressed state. 

ff we let up a certain portion of carbonic acid gas into a tube 
filled with lime water, it becomes quite milky. The reason is 
that the gas unites with the lime which the water holds in solu- 
tion, and converts it into carbonate of lime, which, being insolu- 
ble in water, immediately begins to precipitate, and thus renders 
the liquid milky. If we add twice as much carbonic acid gas 
to lime water as is requisite to precipitate the lime^ the pre- 
cipitate again disappears and the water becomes as transparent 
as a* first. The reason is, that lime unites with two propor- 
tions of carbonic acid. With the smaller proportion it forms 
carbonate of lime whidn is insoluble in water, with the greater 
it forms bicarbonate of lime which is soluble in water. 


* Phil. Trans. 1803, 
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When water impi^gnated with carbonic acid is heated, the 
gas is again expelled, a F rom precipitated lime wat5r it is not 
expelled by heat ; froim lime water rendered transparent by 
an excess of carbonic acid, that excess is expelled^by heat, and, 
then the <;arbonate of lime precipitates. It is in this wa^ that 
carbonate of lime is held in solution in Boany mineral waters. 

Hence the reason why it is thrown down from them by boding. 

Mr. Faraday discovered that this eras assumes the liquid form condcn»e<i 

1 1*1 ® liquid. 

wnen subjected at once to strong pressure and cold. But its 
elasticity is so great that the experiments are attended with 
some risk. His method of proceeding was this. A tube shut 
at one end was bent, and the shorter extremity, which was the 
sealed end, was filled with sulphuric acid through a tube, so as 
to keep the long leg of the tube quite clear. A piece of plati- 
num foil was then crumpled up and pushed into the bend of 
the tube. Then the long of the tube was i^arly filled with 
fragments of carbonate of ammonia. The other extremity of 
the tube w^as now sealed. The sulphuric ^cid was made to run 
upon the carbonate of ammonia, while the clean end of the 
tube was immersed in a freezing nqxture. The gas evolved 
condensed in the part of the tube surrounded by the freezing 
mixture. Liquid carbonic acid is colourless, very fluid, and 
light. Its refractive power is less than that ofrwater. At 32° 
its elasticity is equal to the pressure of 36 atmospheres.* 

This gas undergoes no alteration when passed through a red Dwompwi. 
hot porcelain tube. But wh^n electric sparks are passed through 
a portion of it standing over mercury, it is decomposed at least 
partially, and converted into carbonic oxide and oxygen gases. 

Dr. Henry found that when the undecomposed carbonic acid 
is withdrawn by means of a solution of potash, an electric spark 
passed through the residue causes combustion, and converts 
the whole into carbonic acid gas.*j' It is obvious from this 
that it would be impossible, by means^of the electric spark, to 
decompose the whole of any givgn quantity of carbonic acid 
into carbonic oxide and oxygen. 

If we mix equal volumes of hydrogen and carbonic acid 
gases, and pass them slowly through a porcelain tube filled wdth 
fragments of porcelain, and in a state of ignition, the carbonjc 
acid is converted into carbonic oxide, imd the hydrogen into 
water. Tlhe volume of carbonic oxidtf is precisely equal to 
that of the carbonic adid. 


* Phil, Trans. 1823 , p. 189 . 


t Ibid. 1809, p. 448. 
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^9 nposition* 


Quantity in 
the atmo. 
sphere. 


If instead of fragments of porcelain, fill tlie tube with 
pieces of Vharcoal, and after heating ^hem to redness, pass 
carbonic acid very slowly through them, it will be converted 
into carboni<j^ oxide, while at the s^e time its bulk is doubled. 

None of the supporters oi combustion has any sensible action 
on c^bonic acid, eveji at a red heat. The same remark applies 
to azotic gas*. 

It has k^en already observed that Lavoisier first proved that 
carbonic acid is a compound of carbon and oxygen. As the 
volume of oxygen gas is not altered by burning pure carbon 
in it, while at the same time it is converted into carbonic acid, 
it is obvious that the weight of carbon which converts a volume 
of oxygen gas into carbonic acid gas, may be obtained by sub- 
tracting the specific gravity of oxygen gas, from that of carbonic 
acid gas. 

Sp. gr\.of carbonic acid gas , . 1"5277 

oxygen gas . . 1*1111 

€ — 

Weight of carbon . . 0*4166 

Heflce carbonic acid is c(flnpo8ed of 

Oxygen . . 1*1111 or 2 

Carbon * . . 0**4166 or 0*75 

It is obvious that either 0*75 or a multiple or submultiple of 
that number exhibits the atomic weight of carbon. Of this 
we will be better able to judge after we have made ourselves 
acquainted with the properties and composition of carbonic 
oxide, which is the other compound of carbon and oxygen. 

It has been known since the time of Dr. Black, that carbonic 
acid gas exists in the atmosphere. The older pneumatic che- 
mists concluded from very imperfect data, that the atmosphere 
contained about x^jjth of its volume of this gas. Mr. Dalton 
was the first person who attempted to determine the point by 
accurate experiments. He found that 10,000 volumes of air 
contained 6*8 volumes of carbonic acid gas ; bufr that the 
volume varies at different times. Thenard found 8*91 volumes 
of this gas in 10,000 of air. But the most complete set of 
experiments was made by M. de Saussure. Ke continued 
them for three years, ^d tried the quantity of air at Chombeisy, 
a meadow about three-ffourths of a league from Geneva ; on the 
lake of Geneva, in the town of Genevft, and upon the neigh- 
bduring mountains of Jura and the Alps. The following are 
the results which he obtained. 
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The mean volume of carbonic acid gaa in 10,000 volumes of iii- 
air at Chambeisy, deduced from 104 observations, ^mounts to 
4’ 15 volumes. The\rreatest quantity observed was 5*74 
volumes, and the smallest 3*15 volumes. 

The quantify is diminished by%ain, or when* the earth is 
soaked with moisture: doubtless Jbecause the moisture aJ|)Sorbs 
the gas. Thus in July, 1827, the fall ofrain was 0*354rinch, 

and the carbonic acid in 10,000 air was 5*18 volumes. 

• • 

Carbonic acid. 

In July, 1828, Rain 6*8 inches . . 4*56 volumes. 


1829, 

Rain 2*05 

. . 4*32 

In Aug. 1827, 

2*95 

. . 5*01 

1828, 

5*04 

. . 4*28 

1829, 

4*57 

. . 3*8 


The air over the lake of Geneva contains in general less car- 
bonic acid gas than the air over the land at (^ambeisy. But 
air taken up in a court* in Geneva, contains rather more car- 
bonic acid than the air at Chambeisy. The ah* on the moun- 
tains is rather more charged with carbonic acid, than the air 
over plains. Finally, the air during* the night is rather more 
charged with this gas than during tne day, and in winter *than 
in summer, and in, windy weather than in calm weather.** 

2. Carbonic oxide gas was discovered by Ejj* . Priestley about 
the beginning of the present century, by exposing to a red 
heat a mixture of charcoal and oxide of zinc. It was first sub- 
jected to analysis, and its composition determined by Mr. 
Cruikshanks, Soon afte^ an elaborate set of experiments on 
it was published by Clement and Desormes, from which they 
deduced its constituents to be only carbon and oxygen. But 
Berthollet soon after subjected it to new experiments, and 
endeavoured to prove that it was a compound of oxygen, car- 
bon, and hydrogen. Subsequent investigation has shown, in 
the most satisfactory manner, that it CQiitains ifo hydrogen, but 
is a compound of carbon and oxygen.* 

It may be obtained by variou? processes, some of which I procur- 

shall state. 1. When we heat a mixture of oxide of zinc and 
charcoaL or finery cinder and charcoal, in an iron bottle to 
redness, carbonic oxide gas is evolved. But this process^does 
not yield it in a state of purity. 2. I^we mix three parts* of 
carbonate of lime, or carbonate of Ijftrytes, or carbonate of 
strontian, with one part of well burnt charcoal, and heat the 

* Saussure, Ann. de Chim. et de Phys. xliv. 5. 
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Chsp. II. 


Properties. 


^ mixture in an iron bottle, carbonic oxide gas comes over in 
abundance^ and the earths remain behind in a caustic state. 
3. If we mix about equal weights of clean iron filings and 
carbonate of lime,' strontian, and barytes, and heat the mixture 
pretty strongly, we obtain very pure carbonic oxide, mixed, 
howei'er, with a good deal of carbonic acid gas, which is easily 
removed by washing the gas with milk of lime. 4. If we put 
into a smaU retort or gas bottle, a mixture of 5 parts of con- 
centrated sulphuric acid and one part of hinoxalate of potash 
or salt of sorrel, and apply heat to the mixture, a gas is evolved, 
composed of equal volumes of carbonic acid and carbonic oxide. 
Caustic potash or milk of lime will remove the carbonic acid, 
and leave the carbonic oxide in a state of purity. For this 
last process we are indebted to Dobereiner* and Dumas,f for 
the others to Dr. Priestley and Mr. Cruikshanks. We may 
obtain this gas also by passing carbonic acid through led hot 
charcoal. , By fiiis process the carbonic acid gas is doubled in 
volume, and converted into carbonic oxide. 

This gas is colourless like common air, and destitute of taste 
and smell. 

I found the specific gravity of this gas 0'970.::|: Berzelius 
and Dulong found it 0*9727. We shall see immediately that 
the true specific gravity is 0*9722, which is precisely that of 
azotic gas. 

Its refractive power is 1*157, that of air being 1, according 
to the experiments of Dulong.§ 

It produces no change on vegetable blues, does not seem 
capable of uniting either with acids or bases, and is, therefore, 
a neutral substance. It has not been condensed into a liquid 
by the application of cold and pressure. 

It is not sensibly absorbed by water; according to Davy, 
water freed from air by boiling, absorbs j^^tli of its volume, 
according to Dalton ^yth of volume, according to Saussure 
-j^jjth of its volume of this gas. My own experiments came 
nearest those of Davy. 

No animal can breathe it ; when the attempt is made, one 
or two inhalations occasion asphyxia. All gases containing 
carbon have been found positively injurious when drawn into 
the lungs. 

* Ann. de Chim. et de Pbys. xix. 83. < f Ibid, xxxiii. 110. 

t Annals of Pbilosopby, xvi. 248. 

§ Ann. de Cbiin. et de Pbys. xxxi. 166. 
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It bums teitb a beautiful blue flame, and gives out but little 
light. When mixed with common air it does not explode like 
hydrogen, but burns bVlliantly. However, a mixture of 2 
volumes of this gas and 1 volume of air explodes (though not 
strongly) by an*electric spar£;, or w8en placed in Contact with 
a red hot wire. It explodes with, oxygen gas, and 1 voiume 
of carbonic oxide gas requires, for complete combiAtion, hSlf a 
volume of oxygen gas. When such a mixture is expl6ded 
over mercury, the residue is exactly 1 volume of carbonic acid 
gas. Thus it appears that 1 volume carbonic oxide gas + ^ 
a volume of oxygen gas, constitute one volume of carbonic acid 
gas. But we have seen that carbonic acid gas contains its 
own volume of oxygen gas. It is clear from this, that 1 volume 
of carbonic oxide gas contains just as much carbon as 1 volume 
of carbonic acid gas. But that the volume of oxygen gas in it 
is only half as much as in carbonic acid gas. Itjnust therefore 


be a compound of ■ * 


Oxygen .... 

0*5556 or 1 

Carbon .... 

ft*4l66 0*75 

But carbonic acid is a compound of ^ 


Oxygen .... 

2 

Carbon ... 

0*75 

If, therefore, we consider 0*75 to represent an«atom of carbon. 


it is evident that carbonic oxide will be a compound of 1 atom 
carbon + 1 atom oxygen, and carbonic acid of 1 atom carbon 
+ 2 atoms oxygen. And the atomic weights of these two 
bodies will be as follows. , 

Carbonic oxide ..... 1*75 

Carbonic acid ..... 2*75 

Carbonic acid gas is a compound of 1 volume carbon vapour 
+ 1 volume oxygen gas, condensed into 1 volume. 

1 volume carbon vapour . . 0*4166 

1 volume oxygen gas . , ■ 1*1111 

1*5277 = sp. gravity 

of carbonic acid gas. 

Carbonic oxide gas is composed of 1 volume carbon vapour 
+ 2 volume oxygen gas condensed into 1 volume. 

1 volume carbon vapour . . T0*4166 

j volume oxygen . . * 0*5555 


Sect. ni. 


Composition. 


Atom of car. 
bon. 


*9722 = sp. gravity 
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Chap. II. 0f carbonic oxide gas. This must be the true specific gravity 
of carbonip oxide gas. It comes within Tess than 
of the experimental result of Berzeliuo’and Dulong. 

When a mixture of carbonic oxide gas and oxygen gas in 
‘the proper proportions is exposed to the action of spongy plati- 
numy> no action takes place ^at the common temperature, but 
when the temperatOre of the gas is raised rather above 300° 
it bOgins to be converted into carbonic acid, and at a tempera- 
ture rather above 320° it is wholly acidified in the course of a 
few minutes. When carbonic oxide gas is added in equal 
volumes to a mixture of hydrogen and oxygen in explosive 
proportion, it prevents the spongy platinum from causing deto- 
nation ; but the action of the gases on each other goes on slowly, 
and both water and carbonic acid are formed. But if the 
quantity of carbonic oxide gas added be small, explosion takes 
place on intro(Jucing the spongy platinum.* 

If we mix eijual volumes of carbonic oxide and hydrogen 
gas, and pass She mixture through a red hot tube, the gas is 
decomposed, charcoal deposited, and water formed. The gas 
is decomposed also by potassium which unites to its oxygen. 
Donereiner assures us, that by bringing it in contact with sul- 
plwretted oxide of platinum, it is converted into half its volume 
of carbonic acid. 

3. It was discovered by Dr. John Davy that carbonic oxide 
gas has the property of combining with chlorine. He gave the 
compound the name of phosgene gas. But a more systematic 
chioro-car- name will be chloro-carhonic acid.\ The method of procuriner 

bonicaciil. i, o 

It IS as lollows. 

Into a glass flask, previously exhausted of air and well dried, 
introduce equal volumes of carbonic oxide and chlorine gases, 
both well dried by being left in contact with fused chloride of 
calcium. Expose this mixture to sunshine for about a quarter 
of an hour. The colour of the chlorine disappears, and the 
volume of the mixture diminishes one half. The new gas, thus 
formed, is chloro-carbonic acid. 

Proi«;rtics. It is colourless, and possesses the mechanical properties of 
conimon air. It has a strong smell, which has been compared 
to what would be produced by a mixture of the odours of chlo- 
rine and ammonia. It is more disagreeable and suffocating 


* Henry ; Phil. Trans. 1824, p. 271. 

t Berzelius calls it carbonic oxy-chloride ; 'Dvnaas, chloride of oxide of car- 
bon or chloro-carbonic acid f and Dulong, oxy-cldoro-carbonic acid. 
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than that of chlorine, ^and affects the eyes in a peculiar manner, sect. iii. 
producing a rapid flow of tears, and occasioning pajnful sen- 
sations. It possesses th\ properties of an acid, reddening vege- 
table blues, and combining with, and neutralizing, four times 
its volume of ammoniacal gas. Wlfen tin, zinc, ^timony, or* 
arsenic, are heated in this gas, they decompose it, abso*bing 
the chlorine and setting at liberty the carbonic oxide, \^^ater 
decomposes it, and converts it into muriatic acid and carbonic 
acid. 

Its refracting power, according to Dulong, is 3*936, that of 
air being 1.* 

As it is composed of equal volumes of chlorine and carbonic 
oxide, condensed into one volume, it is obvious that its specific 
gravity is equal to that of chloruie gas and carbonic oxide gas 
united together, or 3*4722. 

Alcohol absorbs about 12 times its volume o&this gas, does 
not decompose it, but acquii^s the smell and the taste which 
distinguishes the gas. The chloride of arsenie absorbs 10 times 
its volume of the g^, and the chloride of Sulphur also absorbs 
it; though it has been hitherto impossible to determine the 
degree of absorption. 

This gas neither ^ietonates with oxygen nor with hydrogen 
gases. But if we mix if with oxygen*and hydrogen at once, 
and pass an electric spark through the mixture, it is converted 
into carbonic acid and muriatic acid. 

The constituents of this gas being one volume of chlorine composition, 
gas and one volume of carbonic oxide gas, it is clear tliat it 
consists of 

1 atom chlorine . . . 4*5 

1 atom oxygen . . . 1*0 

1 atom carbon . . . 0*75 


•6*25 

Thus its atomic weight is 6*25, and it 4s a compound of 1 atom 
carbon with 1 atom of chlorine aftd of oxygen. It resembles 
carbonic acid with this difference, that for one of the atoms of 
oxygen an atom of chlorine has been substituted. 

The salt which it forms with ammoniacal gas is white, 
neutral, volatile, having a sharp taste and deliquescing in the 
air. This salt when dissolved in the concentrated mineral acids, 
gives out muriatic andicarbonic acids. But acetic acid dissolves 
It without effervescence. It is obviously a compound of 
* Ann. de Chim. et de Phys. xxxi. 166. 
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Chap. II. Atomic weight. 

1 at 9 m chloro-carbonic acid . . . 6'25 

2 atoms ammonia . . f . . 4*25 


10-5 

4. okaUcacid. 4/ OxoUc odd. There Is another combination of carbon 
and oxygefl, which* possesses very powerful acid properties, 
and 'which has received the name of oxalic acid. It was dis- 
covered by Scheele ; but first made known to chemists by 
Bergman. The original mode of preparing it, was to dissolve 
sugar in nitric acid, and to digest the solution till it ceases to 
effervesce. On cooling the liquid, crystals of oxalic acid are 
deposited. But it has been known for some time, that if shav- 
ings of wood be mixed with caustic potash, and exposed to a 
heat considerably higher than that of boiling water, the wood 
suffers decomposition, and is partly converted into oxalic acid, 
which combined with the potash. *1 have reason to believe that 
this is the process that has been followed for a good many years 
by the manufacturers of oxalic acid in this country; and it 
accounts for the low price at which it is sold. The properties 
of tliis important acid wifl be described in a subsequent part of 
this work. It has been ascertained, thaj when heated with 
strong sulphuric acid, *t is decomposed and completely con- 
verted into carbonic acid, and carbonic oxide, in equal volumes. 

Composition. We see, from this, that it is composed of a volume of carbonic 
acid and a volume of carbonic oxide united together. 

Atomic weight of carbonic acid . . 2*75 

carbonic oxide . . 1>75 


4*5 

Hence, we see, that its atomic weight is 4*5. Now, 4-5 turns 
out to be its true atomic weight, when we analyze the oxalates. 
The constituents of 

Oxygon. Carbon. 

Carbonic acid are . 2 atoms + 1 atom 

Carbonic oxide . . 1 +1 

‘ 3 2 

Hence, it follows, th»t oxalic acid is a compound of 3 atoms 
oxygen, and 2 atoms carbon. 

, II- It was long supposed that carbon and chlorine were 
with chlorine, in-apable of uniting; but Mr. Faraday ascertained, in the year 
1821, that the two substances could be united in two different 
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proportions ; and a third compound was soon after discovered *“• 
by him and Mr. R. Philips. These three compounds may be 
distinguished by the narl^s of sesquichloride of carbon^ chloride 
of carbon, and dichloride of carbon; indicating, by these names, 
the proportions in which the t;onstitiients unite. 

1. Sesquichloride of carbon. It has been long known, ^hat 
when charcoal is left in contact witt chlorine gas, o» when it is 
heated in contact with that gas, no combination whatever takes 
place. Mr. Faraday succeeded in forming a compound, by 
means of a gas, known by the name of olefiant gas.* It was 
known already that this gas has the property of uniting with 
its own volume of chlorine gas, and condensing with it into an 
aromatic and colourless liquid. 

Mr. Faraday filled a glass globe, capable of holding 200 Formation, 
cubic inches, with chlorine gas ; it was then placed over olefiant 
gas, and# as much as could enter having passecLin, the stop- 
cocks were shut, and the wlmle left for a sho/t time. The 
liquid compound of chlorine and olefiant gas, formed, and 
occasioned a partial vacuum. More olei^nt gas was then 
introduced, and this process was repeated, till all the chlorine 
had combined with olefiant gas, an<k been converted into* a 
liquid, and the ghiss was filled with olefiant gas. Then chloriije 
gas was admitted, tiH all^the olefiant gas had been converted 
into a liquid, and till the glass vessel was filled with chlorine 
gas. It was now exposed to the light of the sun. The chlorine 
gas immediately disappeared, and the vessel became filled with 
muriatic acid gas. A littlq water being let in, this gas was 
absorbed, and the vessel again filled with chlorine gas. Being 
again exposed to the light, it disappeared as before, and tlie 
muriatic acid gas being absorbed, left space for more chlorine. 

These processes being repeated, the liquid gradually became 
thick, and white crystals appeared in it. These crystals con- 
stitute a sesquichloride of carbon. ^ 

To purify it, the gases were blown ^ut of the glass vessel 
by a pair of bellows, and water w^s poured in to wash away 
the muriatit acid. Now, wash out the crystals, by means of 
water, into a jar. A little alcohol will wash out what adheres 
to the vessel, and the alcoholic solution being poured into the 
water, the sesquichloride will fall to the bottom. Collect tliq 

* This gas will be described in a subsequent part of this section. It is 
obtained by heating a mixtuip of alcohol and sulphuric acid. A volume of 
it contains 2 volumes of hydrogen gas, and 2 volumes of carbon vapoi^, 
united together, and condensed into 1 volume. 
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Chap. II. '^hole sesquichloride on a filter, and dry it between folds of 
bibulous^paper. Put it now into a gla#5 tube, and sublime it 
by a spirit lamp. The sublimed port^n is then to be dissolved 
in alcohol, and poured into a weak solution of potash, by which 
the muriatic acid, whicta it majr contain, is» neutralized and 
separated, while the sesquichloride falls down. Dedant off the 
liquid ; wash the stjsquichloride cleiui ; dry it first on blotting 
paper, and afterwards, by placing it in a vacuum, over sul- 
phuric acid. It is now a wliite powder, and, if pure, may be 
sublimed, ivithout leaving any charry residue, or liberating any 
muriatic acid. Wlien dissolved in ether, it will not occasion 
any precipitate with nitrate of silver. 

The direct rays of the .sun are not necessary for its forma- 
tion ; the light of day is sufficient ; though the process is slower ; 
but lamp-light is not sufficient. 

Properties. Sesquichlcffide of carbon is a transparent colourless substance, 

with scarcely ^y taste ; but havii:^ an aromatic odour, approach- 
ing to that q;fc camphor. Its specific gravity is 2. Its refractive 
power high; being above that of flint glass, (1*5767.) It is 
very friable, easily breaking down under pre.ssure ; and when 
sd*atched, has much th« feel and appearance of white sugar. 
If does not conduct electricity. 

The crystals are usually flat, six-sided 'prisms terminated by 
elongated hexhgons. Mr. Brooke supposes the primary form 
to be a right rhombic prism, whose faces make angles with 
each other of 122° and 78° ; but he could discover no cleavage 
to confirm this opinion.* Mr. Faraday, on the contrary, con- 
siders the primary form 'to be an octahedron. 

It volatilizes slowly at common temperatures, and passes, 
like camphor, to the light. If warmed, it rises more rapidly, 
and then forms fine crystals. It fuses at 320°, and boils at 
360°, under atmospheric pressure. When condensed from 
these rapid sviblimations, it concretes in the upper part of the 
vessel, in so transparent and colourless a state, as to be hardly 
perceptible. As the crust becomes thicker, it splits and cracks 
like sublimed camphor ; and, in a few minutes after it is cold, 
it is white, and nearly opaque. 

, It is not readily combustible ; when held in the flame of a 
^spirit lamp, it bums with a red flame, emitting much smoke 
and acid fumes. When heated in an atmosphere of oxygen, 
it burns with a brillijuit light. 


* Annals of Philosophy (2d series), vii. 364. 
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It is not soluble in water, whether hot or cold; or only ***• 
soluble in very mintfte quantity. In alcohol, it dissolves with 
facility, and in much^freater quantity in hot than in cold 
alcohol. A saturated hot solution crystallizes as it cools. 

The alcoholic solution, wheft mixe4 with water, Itets the ses-» 
quichloride fall in dakes. It is much more soluble in ^ther 
than in alcohol, and more so in hot than 4n cold sther. ‘The 
hot solution crystallizes as it cools ; and the crystallization of a 
cold solution, when evaporated oi» a glass plate, is f ery beau- 
tiful. The ether solution is not precipitated by water. It is 
soluble in volatile oils, and, on evaporation, is again obtained 
in crystals. It dissolves also in fixed oils. The solution, 
when heated, lets go muriatic acid gas, and the liquid becomes 
dark coloured. 

Solutions of acids and alkalies act on it with little energy ; 
showing that it is a neutral substance. Caustia potash, soda, 
and ammonia, do not decompose it. Muriatic acid does not 
act upon it at all. Strong nitric acid boiled upqp it dissolves 
a portion. Part of this is deposited as the solution cools, and 
the rest falls when the acid is diluted with water. It is not 
acted on by sulphuric acid. 

It is not acted on by oxygen at temperatures under a ^ed 
heat. A mixture of oxygen gas, and* the vapour of sesqui- 
chloride of carbon, did not inflame by the* electric spark, 
though raised previously to the heat of 400° ; but passed 
through a red hot tube, it was decomposed, and mixtures of 
chlorine, carbonic oxide, carbonic acid, and chloro-carbonic 
acid, produced. A portion of the sesquichloride was heated 
with the red oxide of mercury, in a glass tube, over mercury. 

As soon as the heat had risen so high as to soften the glass 
considerably, the vapour suddenly detonated with the oxygen 
evolved, with bright inflammation. The substances remaining, 
were oxygen, carbonic acid, and calomel. 

Chlorine does not act on this substaijce, whether cold or hot. 

Iodine, at low temperatures, mel4s with it; and there is no 
farther action. Wlien heated more strongly in its vapour, the 
iodine separates chlorine, and reduces the sesquichloride to 
simple chloride of carbon, while chloriodic acid is produced* 

Hydrogen, and the vapour of sesquichloride, do not inflame 
at 400°, by electricity ; but when the mlUtture is sent through 
a red hot tube, the whole is decomposed^ and muriatic acid gas 
formed, and charcoal precipitated. 

It detonates when its vapour is mixed at once with oxygen 
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and hydrogen gases, and an electric spark passed through the 
mixture. ^ But Mr. Faraday could not, ih this way, determine 
its composition. 

It readily melts with sulphur, and the mixture crystallizes, 
on cooling, Into a yellowish mass*. By a stronger heat, it may 
be ssiblimed, leaving the sulphur unaltered; but Vhen the 
mix6d vapours are liaised to a still higher temperature, chloride 
of sulphur, and chloride of carbon, are formed. With phos- 
phorus, it melts and unites at a low temperature, without 
decomposition. When phosphorus is heated in the vapour of 
the substance, chloride of phosphorus, and chloride of carbon, 
are formed. If the phosphorus be heated more highly, it 
frequently inflames in the vapour with a brilliant combustion, 
and abundance of charcoal is deposited. Charcoal heated in 
the vapour of the sesquichloride, exerts no action on it. 

Most of tbe metals decompose it at a high temjierature. 
Potassium butbs brilliantly in the vapour; charcoal is depo- 
sited; and ehloride of potassium formed. Iron, zinc, tin, 
copper, and mercury, act on it at a red heat ; charcoal being 
deposited, and chlorides formed. When heated with metallic 
oxides, different results tire obtained, according to the oxides. 
P<;roxides of mercury, copper, lead, and tin, produce chlorides 
and carbonic acid. Protoxides of zinc, lead, &c. produce also 
chlorides; but^the gaseous products are mixtures of carbonic 
acid, and csirbonic oxide. When the vapour t)f tlie sesqui- 
chloride is passed over red hot lime, barytes, or strontian, a 
vivid combustion is produced. Oilorides are produced ; car- 
bonic acid is formed; afiid carbon deposited. On magnesia 
there is no action. 

compoBition. Mr. Faraday did not succeed in his attempts to analyze this 
compound directly; but from the phenomena attending its 
formation, there can be no doubt about the proportions and 
nature of the 'Constituents. It appears, from his experiments, 
that, in order to form»the sesquichloride of carbon, we must 
mix together 1 volume of ciefiant gas, and 5 volumes of chlo- 
rine gas. There are formed 4 volumes of muriatic acid gas. 

Now, 4 volumes of muriatic acid gas, are composed of 
2 volumes hydrogen gas, 

2 volumes chlorine gas. 

, Thiis all the hydro^n in the olefiant gas is converted into 
muriatic acid. There remain 2 volumes of carbon vapour, 
which, by uniting with 3 volumes of chlorine, have been con- 
densed into the sesquichloride. From this it is clear, that 
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sesquicMoride of carjjon is composed of 1 volume carbon 
vapour, and volume chlorine gas, or by weight of^ 

Carbon \ . 0*4166 or 0*75 

Chlorine • 3*75 6-75^ 

But 0-75 ip the weight of an atom ot carbon, and 6*75 is equal 
to an atom and a half of chlorine.* Sesquichloride of cafbon 
then is composed of 

1^ atom chlorine . 6-75 

1 atom carbon . • 0*75 


7-50 

and its atomic weight will be 7*5.^ 

2. Chloride of carbon. When the vapour of sesquichloride 
of carbon is heated to dull redness, chlorine is disengaged, and 
a liquid substance formed, which obviously contains less chlo- 
rine than the sesquichloride. This decompositij/h is not easily 
eflFected. Mr. Faraday’s process was as follows. A long tube 
shut at one end was employed: the sesquichl(Mde was put 
into the bottom of the tube, and the space*above it for about 
twelve inches was filled with fragments of rock crystal. The 
part of the tube beyond this was then bent up and down two 
or three times, that tjie angles might serve for receivers of the 
new compound.f The tflbe and rock crystal wf re then heated 
to bright redness, while the angles were dipt in water. The 
sesquicliloride was then slowly sublimed by a spirit lamp, and 
decomposed as it passed through the red-hot rock crystal. A 
fluid passes over, which corfdeiises in^the angles of the tube, 
and some chlorine escapes ; but the greatest part is retained in 
the liquid, and colours it yellow. By the careful application 
of a lamp and blow-pipe, the bent part of the tube is now to 
be separated from tlie portion within the furnace, and its end 
closed so as to form a small retort. By distilling the fluid four 
or five times from one angle to another, all tRe chlorine is 
driven off*, and the liquid becomes limpfd.and colourless. But 
it still retayis a little sesquichloriefb. Mr. Faraday’s method 
of getting rid of this, was to heat the fluid till the tube was 
nearly full of its vapour. The open end of the tube was then 
hermetically sealed. On cooling, the whole liquid collected 
at one end of the tube. This end was i,jjtroduced tlirpugh a 

* See Phil. Trans. 1821, p, 49. All the facts stated in the t^xt were 
determined by Faraday, and will be found in the paper here quoted. ^ 

■f Mr. Faraday has given a description of these bent tubes, in hip Chemi- 
cal Manipulation, p. ^0. 

1 . 
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Chap. II. cork into a receiver, under which a smjdl flame was burning. 
By this means the liquid was distilled by a very gentle heat 
into the cold part of the tube, while the sesquichloride remained 
behind. ^ 

Propcrtiei. * Chloride of carbon is a highly limpid fluid perfectly colour- 
* lessf Its specific gravity is 1-5526. Its refracting power, as 
determined by Dr. M’^ollaston, is 1-4875, being very nearly 
that of camphor. It is not combustible, except when held in 
a flame. It then burns with bright yellow light, much smoke, 
and exliales fumes of muriatic acid. 

It does not congeal at zero. When its temperature is raised 
to between 160° and 170°, it is converted into vapour, and 
remains in that state till the temperature is lowered. At a red 
heat it undergoes a partial decomposition, becoming slightly 
coloured, and the tube being blackened by charcoal. 

It is not IS^duble in water ; but it dissolves in alcohol and 
ether, and the solutions burn with a greenish flame, giving out 
fumes of mtVfiatic acid. It dissolves also in the volatile and 
fixed oils. It is ^not acted on by alkaline solutions, nor by 
nijtric, muriatic, nor sulphuric acids. Solutions of silver do not 
act upon it. 

•• Oxygen decomposes it at high temperatures, forming car- 
bonic oxide Of acid, ‘and liberating chlorine. Chlorine dis- 
solves it in considerable quantity, but has no further action, 
or only a very slow one, in common daylight. But when 
exposed to the direct light of the sun it is converted into 
sesquichloride of carbon. It dissolves in iodine very readily, 
and forms a brilliant red solution. It does not detonate with 
hydrogen when in the state of vapour. But when electric sparks 
are passed through such a mixture, the chloride is gradually 
decomposed and muriatic acid formed. When such a mixture 
is passed through a red-hot tube, the chloride is completely 
decomposed, "muriatic acid formed, and charcoal deposited. 
When the vapour i^ mixed with oxygen and hydrogen it 
detonates by electricity, arfd a complete decomposition is pro- 
duced. 

Sulphur and phosphorus dissolve it, but do not decompose 
if at low temperatures. Phosphorus decomposes it at a red 
‘heati Its action oi\^,metals and metallic oxides is very similar 
to that of sesquichlotide. 

To determine the composition of this chloride Mr. Faraday 
passed 2-7 grains of it over red-hot barytes. A brilliant com- 
bustion was produced, carbonic acid being evolved, and char- 
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coal deposited. When the tube was cold the barytes was nt 

dissolved in nitric acid, and the chlorine precipitated hy nitrate 

of silver. The chloride %jf silver weighed 9*4 grains = 2*318 
gr. of chlorine. Hence 3 gr. would have given 2*575 gr. 
chlorine. 

Three ^ains of the chloride were passed through red-hot 
black oxide of copper in an iron tube. 95 cubi<y inches of 
carbonic acid gas were obtained. Now 3*5 cubic inches of 
carbonic acid gas weigh 1*66 gradns, which conta/ns 0*453 
grain of carbon. 

Thus it appears that chloride of carbon is composed of composition. 
Chlorine . . 2*575 or 4*5 

Carbon . . 0*453 or 0*79 

Now 4*5 represents an atom of chlorine, and 0*79 approaches 
pretty nearly an atom of carbon. 

The aRialysis, though not absolutely exact, is ^flBciently so 
to leave no doubt that cldoride of carbon is a compound of 
1 atom chlorine . . 4*5 •• 

1 atom carbon . . • 0*75 


• 5*25 

Hence its atomic weight is .5*25. Like sesquichloride of cjy- 
bon this compound i.s a neutral body, afld shows no tendency 
to combine either with acids or alkalies. 

3. Dichloride of carbon. Mr. .Tulin of Abo was proprietor Dichiorwe of 
of a manufactory in which nitric acid was prepared by distil- 
ling calcined sulphate of iron with crude nitre, in iron retorts, 
and the product was collected in receivers connected with glass 
tubes, after the manner of Wolfe’s bottles. When he employed 
a peculiar kind of calcined vitriol from Fahlun, known in 
Sweden by the name of calcined aqua fortis No. 3, the first 
tube was lined with sulphur, and the second with fine white 
feathery crystals. These amounted only to a few grains each 
distillation. But M. Julin by degrees •cpllected a portion of 
it. An account of it was inserted in the Annals of Philosophy 
during the year 1821.* It was subj ected to a chemical examin- 
ation during the same year, by Messrs. Faraday and R. Philips, 
who showed it to be a compound of 1 atom chlorine and two 
atoms carbon.f These acicular crystals when purified by sub^ 
liming them through lime are of a beauti^ white colour. The 

* Vol. i. p. 216 (second series). 

•T Phil. Trans. 1921, p. 392. 
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shape*’of the crystals appeared to Mr. W. Philips to be a four- 
sided pripm. 

It sinks slowly in water, is tasteless,, and has a peculiar smell, 
which Mr. Julin compares to that pf spermaceti. It is insolu- 
ble in watfer, and is not ucted on by sulphuric, nitric, or muri- 
atiq^ acids. Nor is it acted on by alkaline solutions. It dissolves 
in alcohoh and, doubtless, also in ether, though the action of 
that liquid was not tried. It is soluble in hot oil of turpentine, 
and is deposited in needleiS as the liquid cools. 

When heated it melts, and boils and sublimes at a tempera- 
ture between 350° and 400®. At 250° it sublimes slowly 
without melting. In the flame of a lamp it burns with a 
greenish blue flame, giving a slight smell of chlorine gas. 
Potassium burns vividly in its vapour, and carbon is deposited. 
The burnt potassium being dissolved in water, was copiously 
precipitated -Ijjy nitrate of silver. 

When passed through fragments of rock crystal, heated to 
a bright red-tit was decomposed, charcoal being deposited, and 
chlorine disengaged. . It was not acted on by chlorine. When 
the vapour was mixed wuth oxygen gas, and detonated over 
hot mercury, carbonic acid gas and chloride of mercury were 
fqrmed. There was no change of volume when tlie oxygen 
was in excess ; but wlfon the vapoun was in excess the volume 
increased after the explosion, and carbonic oxide, carbonic acid, 
and chloride of mercury were formed. Phosphorus, iron, tin, 
&c. when heated to redness in its vapour, decomposed it; chlo- 
rides of these bodies being formed, and charcoal deposited. 

Three grains of it passed in vapour through red-hot black 
oxide of copper, gave 5-7 cubic inches of carbonic acid, and the 
chlorine in the oxide of copper being thrown down, gave 6*1 
grains of chloride of silver. In this experiment tlxe whole of 
the substance was not decomposed. 

. 5*7 cubic inches of carbonic acid gas weigh 2'7 gp^ins, and 
contain 0*736 gp'ain of carbon. 

6*1 ^ains of chloride of silver contain 1*5 gr. ^of chlorine. 
This gives us 

Chlorine . . 1*5 or 4*5 or 1 atom 

Carbon . . 0*736 2*2 or 3 atoms 

Two grains wereTpassed over quicklime, raised to a red heat 
in a g^een glass tube. Ignition took jplace, and much charcoal 
was deposited. The lime being dissolved in nitric acid, and 
the solution precipitated by nitrate of silver, 5*9 grains of 
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chloride of silver were obtained = 1*45 chlorine. According sect- in- 
to this experiment it^ composed of 

Chlorine . « . 1'45 or 4*5 or 1 atoih 

Carbon . . 0*55 1*7 2yfy atom 


2*00 , 

This last experiment is much more accurateethan th^preceding, 
and it comes so near 1 atom chlorine and two atoms carbon, 
that we can have little hesitation in considering the Substance 
discovered by M. Julin, to be a dichloride of carbon, or a com- 
pound of 

1 atom chlorine . . 4*5 

2 atoms carbon . . 1*5 

6 

So that its atomic weight is 6. Like the other t^ compounds 
of chlorine and carbon it is a jieutral body. 

III. Serullas has discovered a liquid compound of bromine Bromweof 
and carbon which has not yet been subjectedjto a rigid analysis; 
but from analogy there can be little doubt that it is a simple 
bromide of carbon like the chloride of* Faraday. 

Sesquiodide of carbon was thrown upon bromine in excess, 
in a glass tu be. TKe notion was instantaneous ; much heat 
was evolved, and a noise was heard similar to that which takes 
place when a red-hot iron is plunged into water ; bromide of 
iodine and bromide of carbon are formed at once. W^ater dis- 
solves the bromide of iodise, while the bromide of carbon 
remains in the state of a liquid at the ‘bottom of the water, and 
coloured by an excess of bromine. This is removed by caustic 
potash. The bromide of carbon thus purified is a colourless 
liquid. It has an etherial and penetrating smell, and an 
exceedingly sweet taste, which it communicates to water, being 
slightly soluble in that liquid.* 

By exposure to the air it acquires a ]jght red colour. It is 
heavier than water, but its exact specific gravity has not been 
ascertained.* When cooled down to about 45° it becomes solid, 
assuming a crystalline texture. W^hen heated at the flame of 
a candle, it gives out the red vapours of bromine ; but does 
not burn with flame,-|- This bromide has not been analyzed 4 
but analogy leaves little doubt that it a simple bromide 
composed of 


Ann. de Chini. et de Phys. xxxiv. 97. -j- Ibid, xxxix. 228. 
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1 atom bromine . . 10 

1 atom carbon . 0*75 

10-75 

So that its'^itoinic weigh'r is 10-/ 5 

'\^hen an alcoholic solution of bromine is mixed with an 
alcoholic solution of potash, the mixture acquires a sweet taste 
and an aromatic smell ; showing the formation of bromide 
of carboif. But no sesquitromide of carbon can be obtained 
in this way, as happens with the analogous solutions of iodine.* 
Hydrowcarbu. 2. Balard ascertained that bromine readily combines with 
mine. * carbon and hydrogen, or rather with olefiant gas, forming 
a compound, which has been called hydro-carhuret of bromine. 

If we let a drop of bromine fall into a phial filled with 
olefiant gas, it is immediately converted into a transparent 
colourless liqiiid, having no more the odour of bromine ; but 
an aromatic aftd agreeable smell* It is readily volatilized, and 
when passe(^/hrough a red-hot tube it undergoes decomposi- 
tion ; charcoal is deposited and Jiydrobromic acid disengaged. 

It burns when placed in contact with a red-hot body, giving 
oift acid vapours and a tliick smoke consisting of carbon in a 
minutely divided state. 

We obtain a similar compound, by ‘distilling the mother 
water of salt sj^rings, rendered yellow by chlorine. The bro- 
mine obtained is often mixed with hydro-carburet of bromine, 
which may be separated by a little water. Sometimes in per- 
forming this operation, the whole bromine is converted into 
this hydro-carburet. The change is probably owing to the 
action of the bromine on some organic matter contained in the 
water.t 

Iodides. IV. It appears from the experiments of Mitcherlich, that 

carbon and iodine unite in two proportions, as well as carbon 
and chlorine,«forming a solid and a liquid compound, which 
have considerable res'jmblance to the analogous chlorides of 
carbon.J These two cos^pounds were both discovered by 
Serullas.§ 

s^iodideof 1. Scsquiodide of carbon. This compound was discovered 
by Serullas in 1722. Mr. Cooper discovered it in 1723, while 
engaged in the preparation of iodine, without being aware of 

* Ann. de Chim. et de Phys. xcxix. 229. 

t Ibid, xxxii. 375. t Ibid, xxxvii. 85. 

§ Ibid. XX. 163 xxii. 172; and xxv. 311. 
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the previous experiments of Serullas.* It was again discovered sect. in. 
by Mr. Scanlau in 1825.f Both Mr. Cooper and Mr. Scanlan 
considered it as a simple ^iodide of carbon. Sendlas considered 
it as a compound of iodine, hydrogen, and carbon. Mr. Fara- 
day, who witneiiged the expe»iment^of Mr. Cooper, was not 
quite convinced that it contained no hydrogen. Mitcherlich 
lias not yet published his experiments. Bjit Serullas resiftned 
the investigation,^ and satisfied himself that it is a true ses- 
quiodide of carbon. Indeed, the ^^logy between tliese com- 
pounds and the chlorides is so close, as to leave little doubt of 
the identity of their composition. 

Xhe easiest method of obtaining it is that of Mr. Scanlan. Preparation. 
It is this. To an alcoholic solution of iodine add caustic potash 
till the colour be destroyed, the liquid becomes turbid, and a 
white powder, iodate of potash, falls. Distil with a very gentle 
heat ths alcohol from the clear liquor, which is yellowish. On 
cooling, the iodide of carbon^ is deposited. 

Iodide of carbon thus obtained is in small plates, opaque, Propertic*. 
and of a bright sulphur yellow colour. It 1ms a stTong aromatic 
odour, resembling that of saffron. Its taste has been compared 
to that of nitric ether. I would call jt sweet, judging fromjny 
own palate. Its specific gravity, as determined by SeruUas, is 
2, or the same as that of^sesquichloridq of carbon. • 

When heated it melts, and if the heat be increased, iodine 
vapours rise, and carbon remains beliind. It may be distilled 
over, along with water, unchanged ; but a heat not mucli 
higher than that of boiling^water decomposes it. At least it 
may be decomposed by heating it on paper without charring 
the paper. 

It is insoluble in water. But dissolves readily in alcohol, 
and when the solution is mixed with water, the iodide falls 
yellowish white. When the alcoholic solution is exposed to 
spontaneous evaporation, the iodide crystallizes in slender 
prisms. When heated with iron or zinc it is decomposed, and 
a metallic iodide formed. 

( 

Serulla^ analyzed this compound by passing it through hot composition, 
black oxide of copper. One gramme of the sesquiodide gave 
0*05824 litres = 3*554 cubic inches of carbonic acid, contain- 
ing 0*458 grain of carbon. The copper dissolved in nilric 
acid, and precipitated by nitrate of silve^gave 1*698 grammes 

• 

* Aanals of Philosophy (2d series), x. 15. 
t Ann. de Chim. et de Phys. xxxix. 225. 


t Ibid. p. 14, 
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of iodide of silver, containing 14 grains troy of iodine. Hence 
it is composed of 

<■ Iodine . . 14 or 22'92 

Carbon . . 0*458 or 0*75 

Now 0*75 i^presents an atom of ^carbon, and 92*92 differs but 
‘ little from 1^ atom of iodine. For 1^ atom iodine 2 = 23*625. 
Frotii this analysis there seems no doubt that it is a sesquiodide 
of carbon, and quite analogous to the sesquichloride of carbon 
discovered by Faraday.* ^ 

2. Iodide of carbon was discovered by Serullas after he had 
become acquainted with the solid iodide. His mode of obtain- 
ing it was as follo\\'s.f Equal weights of bichloride of phos- 
phorusX and sesquiodide of carbon, both as dry as possible, are 
triturated together in a mortar. This mixture is put into a 
phial, into the mouth of which a bent tube was luted. Heat 
is applied to the bottom of the phial while the open end of the 
tube is plunged into a vessel filled with water. The heat 
must be just sufficient to melt the iodide of carbon. Some 
vapours of iotfine first make their appearance. Then a red 
liquid passes over and falls to the bottom of the water, where 
it speedily loses its red colour. Iodine, chloride of iodine, and 
iodide of phosphorus, remain in the phial. The liquid is 
separated from the watpr, which has become acid, by means of 
a funnel with a "apillary tube. Then a solution of caustic pot- 
ash is poured over it to wash it; and this solution is afterwards 
separated in the same way by means of a funnel. Care must 
be taken not to apply too much heat to the phial towards the 
end of the process ; otherwise a portion of the residue passes 
over, acts upon the liquid iodide of carbon, occasions a con- 
siderable heat, and diminishes its quantity considerably. 

The liquid thus obtained is iodide of carbon, not however 
quite free from hydrocarburet of chlorine. From this it is 
freed by pouring on it about five, times its bulk of concentrated 
sujphuric acid, and stirring the mixture from time to time with 
a glass rod. By the action of this acid the hydrocarburet of 
chlorine is destroyed, and the pure liquid iodide of tarbon col- 
lects at the bottom, being heavier than the sulphuric acid. It 
is separated by the capillary fmmel, washed witli a solution of 


4 . 

* Ann. de China, et de PJiys* xxxix. 230. f Ibid. xxv. 314. 

\ A solid volatile substance, obtained by burq^g phosphorus in chlorine 
gas. It will be described in the 6th section of this chapter. It has been 
sinte found much better to substitute corrosive sublimate for this bichloride. 
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caustic potash, to get rid of the sulphuric acid ; and lastly, with 
pure water to get rid of the potash. 

Iodide of carbon thus prepared is a transparent, li^ht yellow ftopertieg. 
liquid, heavier than concentrated sulphuric acid. It has a 
peculiar etherial smell, very ^owerf»l and agreeable. Its taste, 
is very sA^eet, with a sensation of coolness analogous to tliat 
produced by mint. It is slightly 'soluble in water* to which it 
communicates its taste and smell. Chlorine in solution in 
water does not act upon it ; but gaseous chlorine decomposes it 
rapidly. Sulphuric acid does not act on it. It does not become 
solid though cooled down to 32°. 

When exposed to the air, even under water, and in close 
vessels, it assumes a red colour, which becomes more and more 
intense. Potassium is not altered by it. It does not bum 
though brought in contact with the flame of a candle. But it 
gives out abundance of violet-coloured vapours, wj>ich act power- 
folly on starch jelly, rendering it blue. Oxygen gas mixed 
with its vapour, neither burns by electricity, nqi^when held to 
the flame of a candle. 

feerullas, after ascertaining that it contained no hydrogen, 

(and indeed from the substances employed in its preparation, 
there was no room for supposing that it contained any,) sub- 
jected it to analysis by passing it through red-hot black oxide 
of copper. He collected and measured the carbonic acid gas composition, 
formed, and threw down the iodine in the stJite of iodide of 
silver, by dissolving the copper in nitric acid, and adding nitrate 
of silver to the solution. .He has not given us the steps of the 
analysis, but merely the quantities •obtained, which he states 
to be 

Iodine . . 0*99,52 or 16*14 

Carbon . . 0*0462 or 0*75 

0*73 is the weight of an atom of carbon, and 16*14 approaches 
very nearly 15*75, tlie weight of an atom of iodine. 

There can be no doubt from this analysis that the iodide is 
a compound of 

• 1 atom iodine . . 15*75 

1 atom carbon . . 0*75 

16*50 

So that its atomic weight is 16*5, and ii^is quite analogous to 
the chloride of carbon discovered by Ruraday.*" 


* Serullas; Ann. de Chim. et de Phys. xxxix. 231 . 
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3. Hydrocarburet of iodine. This compound was discovered 
by Mr. Faraday in 1821. A retort containing iodine was 
filled with blefiant gas and exposed to the rays of the sun. The 
gas was gradually absorbed by the iodine, and colourless crys- 
tals made their appearance. TJiese crystals^' constitute the 
hydrqcarburet of iodine. To obtain them pure, a sdlution of 
caustic potash was introduced into the retort to wasli out the 
excess of iodine. The liydrocarburet was then collected on a 
filter and dried. ^ 

It is a solid white crystalline body, having a sweet taste and 
aromatic smell. It sinks readily in sulphuric acid of the spe- 
cific gpravity 1*85. It is friable. It is a non-conductor of 
electricity. When heated it first fuses, and then sublimes 
unaltered. Its vapour condenses into crystals, which are 
either prismatic or in plates. On becoming solid, after 
fusion, it crystollizes in needles. The crystals are transparent. 
When strongly heated it is decomposed, and iodine evolved. 
It is not readily combustible, but when held in the flame of a 
spirit lamp it burns, diminishing the flame, and giving out 
abundance of iodine and some fumes of hydriodic acid. It is 
insoluble in water, and in acid and alkaline solutions. It is 
soluble in alcoliol and ether, and may be obtained in crystals 
from these solutions. The alcoholic solutfon lias a very sweet 
taste, but leaves ilpeculiarly sharp biting sensation on the tongue. 

Sulphurie acid does not dissolve it. When heated in the 
acid to between 300° and 400° it is decomposed, apparently by 
the heat alone; iodine, and a gas (probably olefiant gas), being 
disengaged. Solution of potash acts on it very slowly, even 
at the boiling point ; but gradually decomposes it.* 

Mr. Faraday analyzed it by passing 4 grains of it over 
heated copper in a green glass tube. Iodide of copper was 
formed, and pure olefiant gas evolved, amounting to 1*37 cubic 
inches. Now l’37 cubic inches of olefiant gas weigh 0*415 
grain.f Hence the hydrocarburet is composed of 
Iodine . . 3*585 or 15.75 

Olefiant gas . . 0*415 or 1*824 


, 4*000 

Now olefiant gas is a compound of two atoms of carbon = 1*5, 
and 2 atoms of hydrog^an = 0*25 ; so that its atom weighs 1*75 ; 

6 

♦ Phil- Trans, 1821, p. 72. 
f Annals of Philosophy (2d series)* iv. 153. 
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And 1'824 exceeds this only a very little. The error arises, 
doubtless, from the difficulty of estimating the volume of gas 
evolved with absolute precision. There can be no doubt then, 
that this hydrocarburet is a compound of 

1 atom iodine . . 15‘/5 

1 atom olefiant gas •. . ^ 1'75 

17*50 

And that its atomic weight is 17*5. Like the iodides of carbon, 
it is a neutral substance, being incapable of forming definite 
compounds with acids or bases. It differs from the solid iodide 
of carbon, simply by containing 2 atoms of hydrogen, which 
that compound wants. 

If we could succeed in forming a compound of two atoms of 
iodine* with one atom of carbon, it would probably possess acid 
properties. It would in its composition be analogous to car- 
bonic acid. The iodides of carbon known, certain a greater 
proportion of carbon than even carbonic «xidc. We need not 
be surprised then that they are neutral. For carbon, in the 
simple combinations which it forms with supporters, shows no 
disposition to constitute a base or alkaline body. 

V. Nothing is dt present known respecting the combinations 
of carbon and Jlmrine. 

VI. Carbon and hydrogen have the property of combining 
with each other in a great number of proportions, and of forming 
many compounds, all of wiiicli arc remarkably combustible, and 
many of them are of great importance. It would be improper 
here to give an account of the whole of them, as many of them 
belong to the vegetable kingdom, and constitute compounds, 
with the constitution of which we are but imperfectly acquainted. 
I shall satisfy myself here with pointing out those compounds 
of hydrogen and carbon that are simplest in t^eir nature, and 
whose constitution has been most ac^rately made out. 

1. Carhuretted hydrogen gas. ^ This gas makes its appear- 
ance in coal mines, and has been long known under the name 
of fire damp. Accounts of it, as early as 1640, are recorded 
in the Philosophical Transactions.* It is mentioned b)^ Di*. 
Priestley under the name of heavy infiammahle air; but jvas 
not particularly examined by him. If was Mr. Dalton who 


Sect in. 


Hydro- carbu- 
rets. 


Carburetted 

hydrogen. 


Phil. Trans* 1677, No. 136, p. 895* 
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Chap. 11 , first determined its composition with accuracy. I confirmed 
the accuracy of his results in 1811. 

W^e are'not acquainted with any method of forming it arti- 
ficially; but it may be collected pure, or nearly so, from a 
flower in a dl»al mine. Tlf«re is ^ very copious discharge of it 
through a small rivulet, which crosses the nortli road "between 
Glasgow and Edinburgh, about seven miles from Glasgow, and 
only a few hundred yards from the house of Bodlay. It forms 
a jet sever!*! inches in diameter, and issues with considerable 
violence, as if it had been in a state of compression under the 
eartli. This gas is pure, except that it is mixed with 12*5 per 
cent, of common air. 

This gas may also be collected from stagnant water pools by 
attaching a large glass phial to a piece of wood, so that it shall 
float on the surface of water, with its mouth just under the sur- 
ace. Into thisv,mouth should be fixed a funnel (a piece of stout 
oiled paper will answer). Fill th& phial with water, and set it 
afloat with its inputh undermost. Then stir the mud at the bottom 
of the pond or ditch.* Air bubbles rise in abundance, and soon 
fill the phial. The gas, thus collected, should be washed with 
a solution of potash, or with lime water, in order to separate a 
quantity of carbonic acid with which it is mixed. It usually 
contains, also, some common air. But I shall suppose it pure 
in the following Tiescription. 

Properties. Carburetted hydrogen, thus obtained, is colourless, and pos- 
sesses the mechanical properties of common air. It has neither 
taste nor smell. Its specific gravity<«s 0*5555. 

Its power of refracting light is, according to the experiments 
of Dulong, 1*504, that of air being l.j- Perkins affirms that 
he condensed it into a liquid, by subjecting it to a pressure of 
1200 atmospheres.^ 

It produces no change on vegetable blues, and does not 
combine either with acids or bases. It is, therefore, a neutral 
compound. c 

This gas cannot be breathed by animals without danger. 
When it is drawn two or three times into the lungs it produces 
asphyxia. I once accidentally inhaled it; being anxious to 
empty a gas-holder filled with it, as quickly as possible, I applied 
mytmouth to the stop-cock to draw it out. After two or three 

* Memoirs of the Wernerian Society, i. 506. , 

t Ann. de Chim. et de Pbys. xxxi. 266. j; Phil. Trans. 1826, p. 54‘1<. 
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inhalations I fell insensible on the floor. But recovered again 
in about twenty minutes without feeling any bad effects what- 
ever) except a slight headach) which soon went off. 

Cailniretted hydrogen burns with a strong yellow flame 
similar to that bf a candle wTien a J%t of it is kindled by the 
application of a burning candle tg it. But it requires arniuch 
higher temperature to set it on fire, than hny othir gas what- 
ever. Davy showed that a white heat was requisite for the 
purpose. Hence the reason why*a lamp surrounded with wire 
gauze does not cause a mixture of this gas and common air to 
explode in coal mines. This constitutes the lamp of Davy, 
which has been of so much use in the working of those mines 
which are troubled by fire-damp. When carburetted hydro- 
gen gas gets within the lamp it burns ; but the flame is so 
much cooled in passing through the meshes of the gauze as to 
be undble to set fire to the exploding mixture iif the mine. It 
is for the same reason that a mixture of carburetted hydrogen 
and oxygen gas is not acted on at ordinary tawiperatures by 
spongy platinum. Even a temperature df 555° was found by 
Dr. Henry insufficient to cause any combination. Upon this 
mixture spongy platinum was quite inert. 

When this gas ^is mixed with oxygen gas, and when* an 
electrical spark is passed through tlfe mixture, it detonates 
with considerable violence. It does not burn unless the bulk 
of the oxygen rather exceeds its own bulk ; and it ceases to 
burn when the oxygen is more than 2^ times its own bulk. 

If we mix it with commoh air, it burns if it amounts to 
of the air, and it ceases to burn if it exceeds ^th of the air. In 
all proportions between these two extremes, it burns with 
violence. For complete combustion it requires twice its voliime 
of oxygen gas, and produces exactly its own volume of carbonic 
acid gas. The only remaining product is water. Now it is composition, 
obvious that one half of the oxygen went to tlTe formation of 
carbonic acid, and the other half to ^he formation of water. 

This last jiortion must have combftied with a quantity of hydro- 
gen, which, if it had been in an uncombined state, would have 
amounted to twice the volume of the original gas. Therefore 
carburetted hydrogen is composed by weight of 

1 volume carbon vapour . 0-4166 or 0-75 

2 volumes hygrogen ga^ . .* 0-1388 or 0-25 

or of three parts of carbon and 1 part of hydrogen. I|^ is 
obvious that 0-75 represents 1 atom of carbon, and that 0-25 
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represents two atoms of hydrogen. It is therefore a com- 
pound of * 

1 atom carbon . . 0*75 

2 atoms hydrogen . . 0*25 

1 

And its atoihic wei^it is precisely the same as that of oxygen 
or unity. 

When tTiis gas is mixed ifith chlorine no action takes place 
in the dark. But when the mixture is exposed to the light, at 
least if it be in contact with water, the carburetted hydro- 
gen is gradually converted into carbonic acid. Tliat the 
decomposition may be complete, we must mix together four 
volumes of chlorine with one volume of carburetted hydrogen 
gas. The carbonic acid gas formed constitutes a volume. It 
is obvious thaOtwo atoms of water must be decomposed in this 
process. The 4 volumes of chlorine are converted into muri- 
atic acid. Fwr this they must combine with 4 volumes of 
hydrogen gas. Two of these volumes exist in the carburetted 
hydrogen ; the other two must be obtained from water. These 
tw<f volumes of hydrogen will liberate 1 volume of oxygen ; 
which uniting wdth volume of carbon in the carburetted hydrogen 
will form a volume of carbonic acid. .Such is the process. It 
was first studieci by Mr. Cruikshanks, and afterwards more 
completely investigated by Dr. Henry. 

It is said that this gas is absorbed and destroyed by chloride 
of lime, and the use of this substsftice, now so cheap and so 
easily procured, has been* recommended to free coal mines of 
this most disagreeable inmate, and to render them clear. It 
is said that if six or eight pounds of chloride of lime be spread 
over night in a contaminated gallery, the whole carburetted 
hydrogen will be absorbed in a few hours.* I am not aware 
of any case in«which this trial has been made in this country, 
but the proposal is sureiy deserving the attention of coal pro- 
prietors, especially near Newcastle, where so manjr accidents 
from ylre damp annually occur. 

2. Olejiant gas. This gas was discovered in 1796 by the 
assoi^ted Dutch chemists Bondt, Diemau, Van Troostwick, 
afid Lauwerenburg.^ Some experiments were afterwards 
made upon it by CrHjkshanks, Berthollet, and Dr. Henry; 

* Dumas* traite de Chimie appliquee aux artf, i. 482. 

f Their Memoir was published in the Jour, de Phys. xlv. 178, and an 
abstract of it in the Ann. de Chim. xxi. 48. 
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and its composition was accurately investigated by Mr. Dalton, sect. in. 
I published a set of experiments on it in 1811.* About the 
same time an analysis of it was published by M. Theodore de 
Saussure.f ^ 

It is easily bbtained by mixing^ together in a retort foui* 
parts of sulphuric acid, and one part of alcohol, and applying 
the heat of a lamp while the beak of the retort is plunged into 
a water trough. A gas comes over in abundance, which may 
be received in glass jars inverted *over water. 

Olefiant gas, thus prepared, is invisible, and possesses the Properties, 
mechanical properties of common air. It is destitute both of 
taste and smell. Its specific gravity, as determined by me with 
great care, is 0*9709. But it will be seen immediately that its 
true specific gravity is 0*9722, or the same as that of azotic gas. 

Its refracting power, as determined by Dulong, is 2*302, that 
of air t)eing l.| No attempts have been made 'to reduce it to 
a liquid by pressure. It wbuld certainly require less pressure 
than carburetted hydrogen gas. 

This gas, like all those containing carbbn. is not fit for res- 
piration. When drawn into the lungs it produces asphyxia. 

It produces no effect on vegetable blue colours. From^this 
it would seem that jt is a neutral body. But there are many 
facts that would lead us'to admit that*t possq^ses the charac- 
ters of a powerful base. For it seems to be capable of com- 
bining with, and neutralizing some of the most powerful acids. 

Mr. Faraday has observed, that sulphuric acid has the property 
of absorbing about 83 times its bulk of it, || and by this its 
capacity for saturation is diminished. It is believed at present, 
that nitric ether and some other ethers are combinations of 
this gas with an acid. We shall find afterwards, that it has 
the property of combining with sulphuric acid, and of modify- 
ing its nature. And some of the compounds which it forms 
with iodine and bromine have been already notfeed. In short, 
from its characters taken altogether, il must be considered as a 
base ,* but a base incapable of producing any alteration on 
vegetable blues. 

W^hen electric sparks are passed through olefiant gas for 
some time, its volume increases, and carbon is thrown »4own. 

* Memoirs of the Wernerian Natural Histoyr*Society, i. 504. 
f Ann. de Chim. Ixxvii. 57. 
j Ann. de Chim. et de I’hys. xxxi. 266. 

II In the dull light of a room sulphuric acid absorbs about seven timesi its 
volume of this gas. 
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It is said that by continuing this process the whole carbon may 
be thrown^ down, and nothing remains but pure hydrogen gas. 
In such a case the volume of the gas is just doubled, showing 
that it contains just twice ite volume of hydrogen gas. It is said, 
tdso, that it 18 decomposed into carbon and hydrogen, or car- 
buretted hydrogen, when passed through a red-hot porcelain 
tube. 

This gas burns with greater splendour tlian any other known 
gas, and detonates very loudly when mixed with thrice its bulk 
of oxygen gas, and an electrical spark is passed tlirough it. It 
requires for its complete combustion three times its volume of 
oxygen gas, and produces, when burnt, twice its volume of 
carbonic acid gas. The only other product is water. Now 
two of the three volumes of oxygen gas must have gone to the 
formation of carbonic acid. The remaining volume must have 
compoBition. gone to the formation of water, and it must have combined 
with a quantity of hydrogen, which in an uncombined state 
would have amounted to two volumes. Hence it is composed 
of two volumes of carbon and two volumes of hydrogen gas 
condensed into one volume. 

2 volumes hydrogen = 0*1388 

2 volumes carbon vapour = Q*8333 
^ • 

0*9722 

We see from this that the true specific gravity must be 0*9722. 
But 2 volumes of hydrogen and 2 volumes of carbon vapour 
represent each 2 atoms. It follows, therefore, that olefiant 
gas is a compound of 

Atomic weights. 

. 2 atoms carbon . . 1*5 

2 atoms hydrogen . . 0*25 


1*75 

W^e see from this that ‘its atomic weight is 1*75; the same 
with the weight of an atom «f azote. 

Water, according to the experiments of Mr. Dalton, absorbs 
one-twelfth of its bulk of olefiant gas.* According to Saussure, 
100 <^bic inches of water absorb 15*3 cubic inches of olefiant 

When olefiant gas ^nd chlorine gas are placed in contact 
with each other, a diminution of bulk takes place, and a liquid 

4 Pha, Mag. xxiv- 15. 


f Annals of Philosophy, vi. 340. 
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substance is formed which has somewhat the appearance of an s*®*- 
oil, when the condensation takes place over water. The for- 
mation of this substance was first observed by the Dutch 
chemists, and it induced them to contrive the term olefiant gas 
for the hydret«of carbon. *I exaftiined this compound in- 
1810, and ascertained that it is a compound of olefiant ga« and 
chlorine.* Its properties and compositlbn wer» still more 
accurately investigated in 1816, by MM. Robiquet and 
Colin.t 

It is formed by the union of equal volumes of chlorine and 
olefiant gas. If a current of the two gases from separate vessels 
meet in a large glass globular vessel, they combinb' and form 
the liquid in question, which collects at the bottom of the globe. 

To render it pure there must be rather an excess of olefiant 
gas. When there is an excess tjf chlorine, the liquid absorbs 
it, acquires a greenish colour and acid propertiesi But it may 
be rendered pure by washing it with a little water, and then 
distilling it off chloride of calcium. It is limpidt^d colourless 
like water, has an agreeable smell similar rfo tliat of muriatic 
ether, and a peculiar, sharp, sweetish, agreeable taste. Its 
specific gravity at 45° is 1.2201, the specific gravity of wjfter 
being 1. It boils at 152°. At the temperature of 49°,Jt8 
vapour is capable of supporting a column of mercury 24*66 
inches in length. The specific graii^ty of this Vapour has been 
found 3*4434, that of air being 1. Now the specific gravity of 
chlorine and olefiant gas, added together, make 3*4722. Hence 
it is obvious that this body«is formed by a volume of chlorine 
and a volume of olefiant gas, condensed each into half its 
volume. It is therefore a compound of 

1 atom chlorine . . . 4*5 

1 atom olefiant gas . . 1*75 


6*25 

And its atomic weight is 6*25. TMs substance has some 
analogies to ether, but its solubilky in water is much greater 
than that oT ether. We may, therefore, call it hydro-carburet 
of chlorine. 

This liquid burns with a green flame, giving out copiqus Rtopetuei. 
fumes of muriatic acid and much soot. It is decomposed by 
being passed through a red-hot porcelaiu^tube, and converted 


* Memoirs of the Wernerian Society, i. 516. 
t Ann. de Chem. et de Fhys. i. 337, and ii. 206. 



154 


('hap. II. 


Carbo-hydro- 

gen. 


Sesquichlo. 
ride of carbow 
hydrogen. 


SIMPLE ACIDITIABLE BASES. 

into muriatic acid, and an inflammable gas, containing hydro- 
gen Mid carbon ; while a copious deposite of charcoal is made 
in the tulie. The inflammable gas appears to contain no other 
constituent but carbon and hydrogen. The liquid is decom- 
posed, likewise, when pa^ed through red-hot ^xide of copper. 
Servllas observed, that this ^liquid becomes solid when cooled 
down to 43’.* ' 

3. Carbo-hydrogen. Manufactories of acetic acid from wood 
have exisled in this countrj^bra considerable number of years. 
It is pretty generally known, that during the process there is 
obtained a transparent spiritous liquor, someM'hat more volatile 
than alcohol. This liquor Messrs. Macaire and Marcet, who 
analyzed it, have distinguished by the name of pyroxylic spirit.^ 
If you mix together in a flask, 3 parts of muriatic acid, 1 part 
of nitric acid, and 1 part of pyroxylic spirit, and fixing a bent 
tube to the mouth of the flask, plunge the open end of the tube 
into a mercurial trough ; heat the mixture over a spirit lamp 
till it begin to effervesce, and till the,, colour changes to 
red, then remove* the lamp; a violent effervescence takes 
place, and a prodigious quantity of gas passes over. Allow a 
sufficient quantity to escape, to be certain that all the air of the 
flask lias been driven out, then collect the gas in inverted 
jars, filled with mercufy* 

The gas thus obtained is mixed with chlorine, which, how- 
ever, is speedily absorbed by the mercury. When thus freed 
from chlorine it possesses the following characters. 

It is transparent and colourless, Mid possesses the mechanical 
properties of air. 

Its smell is exceedingly pungent and disagreeable ; but so 
peculiar that I can compare it to nothing else. It acts with 
considerable energy on the eyes and nose, occasioning a flow 
of tears, and exciting considerable pain in the eyes. 

It is combustible, and burns with a lively bluish white flame. 

Water absorbs abou^ five times its volume of it, acquiring a 
pungent taste, and the peetdiar smell of the gas ; but it does 
not alter the colour of litmus or cudbear paper. One volume 
of oil of turpentine absorbs 30 volumes of this gas. It acquires 
a*green colour like cajeput oil; but still retains its peculiar 
Smell. The gas is ^either absorbed by acids nor alkalies. 

This gas being ani^yzed, was found to be a mixture of 


* Ann. de Chim. et de Phys. xxxix. 228. 
f It will be described in a subsequent part of this work. 
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The specific gp’avity of the inflammable gdh was found to be 
4*1757. For complete combustion it required twice its volume 
of oxygen gas. It was found in repfeated trials, that l2 volumes 
of the gas consumed 24 volumes of oxygen, and that 16 volumes 
of carbonic acid gas was formed. At the same time water 
appeared, and a quantity of calomel was formed. For the 
combustion took place over mercury. It appears from this, 
that the gas was a compound of carbon, hydrogen, and chlo- 
rine. We may leave the chlorine out of view in determining 
its composition, as the oxygen consumed was all spent on the 
carbon and hydrogen. The .16 volumes carbonic acid would 
require 16 volumes oxygen. There remain 8* volumes of 
oxygen which require 16 volumes of hjalrogen. Thus it 
appears that the gas contains equal volumes of carbon vapour 
and hydrogen gas. • 

One volume of the gas requires for complete combustion ^ 
volumes oxygen gas, ‘and forms 1^ volume of carbonic acid gas. 
The remaining 0*66 volumes of oxygen gas must have combined 
with 1 ^ volume of hydrogen gas, and formed water. Hence a 
volume of the gas contains 

li volume of carbon vapour? j • ^ , 

1^ volume of hydrogen gas ? 

Sp. gr. of ly volume carbon vapour 0*5555 
1^ volume hydrogen gas 0*0926 


0*6481 

This subtracted from 4*1757 (the sp. gr. of the g^), leaves 
3*5276, which approaches 3*3333, the sp. gr. of 1^ volume of 
chlorine gas. Hence the new gas is a compound of 

1^ volume carbon vapour, condensed ih one volume. And 
1^ volume hydrogen gas, L the true specific gfavity must be 
ly volume chlorine gas, j 3*9814. I am, however, ratliCT 
inclined to consider this gas as a compound of . 


Sect. III. 
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* 

1 volume carbon vapour ‘ . . 0’4166 

volume hydrogen gas . . 0*0694 

1^ volume chlorine gas • . 3*7600 

' 4-236i 

Onfthat supposition its specific gravity would be 4*2361. 

It consists of atom chlorine, united to a compound of 
carbon apd hydrogen, precisely the same, in the proportion of 
its constituents with olefiant g^, but it contains only half the 
number of atoms united together. Olefiant gas is a compound 
of two atoms carbon and 2 atoms hydrogen. But the substance 
in this inflammable g^, united to the chlorine, is a compound of 

Atomic weights. 

1 atom of carbon . . 0*75 

1 atom of hydrogen . . 0*125 

' 0*875 

Its atomic weight is 0*875, and its specific gravity, in the 
gaseous state, is 0*4861, or precisely half of the specific gravity 
of olefiant gas. It is to this new compound of carbon and 
hydi'ogen that I give the name of carbo-hydrogen gas. One 
volume of it will require, for complete combustion, 1^ volume 
of oxygen gasn and it will form 1 volume of carbonic acid gas. 
Though carbo-hydrogen has not yet been met with, except in 
combination with chlorine, I see no reason why it may not 
hereafter be discovered in a separate state.* 

4. When whale oil (pr indeed any fixed oil), is exposed to 
an incipient red heat, it is resolved into a gas, that burns with 
a beautiful and very strong light, and which was proposed as 
a substitute for coal gas, for lighting the streets, and was 
actually employed for some time for that purpose, though it 
was ultimately abandoned as too expensive. The nature of the 
gas from oil differs very much, according to the temperature at 
which it is prepared. The lower the temperature the higher 
is the specific gravity of the gas, and the gpreater is the splen- 
dour with which it biuns. If the oil be exposed to a strong 
red heat, the gas into which it is converted is little superior to 
cbal gas. 

In the year 182(^ Mr. Dalton prepared a quantity of oil 

c 

* For a more particular account of this ne^v gas, which I discovered in 
and which I have called sesquichloride of carbo-hydrogen, see Phil. 
Trans. Edin, xi. 15. 
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gas in order to examine its properties. He found that 10 
volumes of it required for complete combustion 30 volumes of 
oxygen gas, and formed ISvoliunes of carbonic acid §as. But 
when 10 volumes of it were mixed with chlorine gas, 4 volumes 
only were condensed; 6 volumes i^mained whict possessed* 
the character of carburetted hydrogen g^. Now 6 volumes of 
carburetted hydrogen require, for complete combustion, 12 
volumes of oxygen gas, and form 6 volumes of carbonic acid. 
It is clear, therefore, that the 4 vohimes of gas absorbed by the 
chlorine, require for complete combustion, 18 volumes of 
oxygen g^s, and form 12 volumes of carbonic acid gas. Here, 
then, is a gas differing completely from olefiant gas. For 
complete combustion, 1 volume requires 4*5 volumes of oxygen 
gas, and forms 3 volumes of carbonic acid gas.* 

The three volumes of carbonic acid gas require for their 
formation, 3 volumes of oxygen gas. There remain 1’5 
volumes of oxygen gas, which went to the formation of water, 
and must, therefore, have combined with 3 volumes of hydro- 
gen. We see, therefore, that the ^s contamed in Mr. Dalton’s 
oil gas consisted of 

3 volumes carbon vapour, 7 condensed into • 1 volume. Its 
3 volumes hydrogen gas, 5 specific gravity, therefore, mttst 
be 1*4583 ; and it must b*e a compound of 

3 atoms carbon . . 2*25 

3 atoms hydrogen . . 0*375 


2*625 

Its atomic weight must be 2*625 ; and as the light given out, 
during the combustion of gases, depends chiefly upon the; 
quantity of carbon which they contain, it is clear that tins gas 
will emit three times as much light as carburetted hydrogen. 

Dr. Henry exposed a quantity of Mr. Dalton’% oil gas to the 
cold produced by a mixture of snow a*d cliloride of calcium, 
without any sensible condensation faking place.f 

Mr. Dalfon has distinguished this new gas by the name of 
super-olejiant gas. But as a considerable number of gases and 
vapours seem to exist, distinguished from each other merely 
by the number of atoms of carbon and hydrogen (both equal 
in number), contained in a volume, it bSfeomes necessary to 

* Phil. Trans. 1821, p. 156. 
f Henry’s Chemistry, i. 447. Eleventh edition. 
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contrive a mode of naming them, which may be extended to 
any number of such compounds however great. I propose, 
therefore/ to distinguish the simple compound of 1 atom carbon 
and 1 atom hydrogen, by the name of carbo-hydrogen, and to 
denote the iiumber of atoms conjoined in each volume, by pre- 
fixing to that word an abbreviation of the Greek numerals. Thus 

A voliime of Carbon, Hydrogen. 

Carbo-hydrogen contains • . 1 atom -f- 1 atom 

Deuto-cafbo-hydrogen or olefiant g^s 2 +2 

Trito-carbo-hydrogen or super-olefiant gas 3 +3 

I shall have afterwards at least three more of these compounds 
to describe. And probably many others will be discovered 
hereafter. There is no great difficulty in conceiving how this 
aggregation of a greater and greater number of atoms, though 
of the same kind, should alter the nature of a body, and how, 
therefore, a vast number of different kinds of bodies may be 
formed from the union of the very same elements, only in dif- 
ferent propoBiions. 

The specific gravities of these three gases are as follows : 
Carbo-hydrogen . . . 0’486i or 1 

Deuto-carbo-hydrogen . . 0*9722 or 2 

Trito-carbo-hydrogen . . . 1*4583 or 3 

The quantity o£ oxygen consumed, and of carbonic acid formed 
by the combustion of a volume of each of them, is as follows : 


One volume of 

Oxvgen in 
volumes. 

Carbonic acid 
ill volumes. 

Carbo-hydrogen 

. J*5 

1 

Deuto-carbo-hydrogen 

3 

2 

Trito-carbo-hydrogen 

4*5 

3 


This view of the subject is not yet familiar to chemists. But 
it will ultimately throw considerable light upon the nature of 
many vegetable substances, which at present seem so myste- 
rious. The oils, for example, though all of them peculiar, are 
composed of carbon and hydrogen in nearly the same propor- 
tions. May not some of the diversities be accounted for, by 
this grouping of the atoms to constitute an integrant particle 
of a more or less complicated nature. 

^ 5. About 12 years ago, Mr. Gordon proposed to render gas 
portable like lamps and candles, and thus to -supersede the 
necessity of employing oil, or tallow, or wax for furnishing 
light, during the absence of the sun. His method was to 
condense oil gas in strong copper air-tight vessels about 30 
tunes ; so that each vessel should contain about 30 times its 
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volume of the gas. This gas was allowed to issue through a 
small stop-cock, and kindled. In this way it would bum for a 
considerable time, giving a regular and beautiful light. Such 
vessels were tried at one time instead of coach lamps, and were 
found to answer* I have seek one, eiaployed in thiS way, burn 
about fivtf hours, and it was still burning when the cyach 
arrived in Edinburgh from Glasgow. 

But when oil gas was condensed in this way, a circumstance 
happened which put an end to thtf project, by rendering the 
expense too great. A considerable portion of the gas lost its 
elastic form, and condensed into a liquid possessing the charac- 
ters of a volatile oil ; showing that much of the matter existing 
in oil gas, and which contributed to the great light which it 
gave out while burning, was not in the gaseous state, but in 
that of mere vapour. For this oil, though very volatile, did 
not disaj)pear immediately when the pressure was removed, but 
remained in the copjier vessel, and of course was lost as a com- 
bustible gas ; while its condensation injured considerably the 
value of the compressed gas as a combustibie to furnish light. 

The condensation of the gas took place chiefly in a strong 
receiver, into which the gas was passed and compressed ; 1000 
cubical feet of the gas were found to yield about a gallon of the 
oil. The fluid is drawn from the bottom of the receiver ^y 
opening a conical valve. At first a portion of fl’^ater generally 
comes out, and then the liquid. It efiervesces as it issues out, 
showing that a portion of the condensed liquid is assuming the 
gaseous state. Probably this effervescence is owing to the 
super-olefiant gas of Dalton, having been rendered liquid by a 
pressure of 30 atmospheres. For it is evident from Dr. Henry’s 
experiments, that had this been tlie case it would assume the 
gaseous state again, the moment the pressure was withdrawn. 
The oil thus condensed, so far as I have seen it, is a transparent 
liquid, having a slight yellow tinge, and the sm^ll of oil gas. 
Mr. Gordon put a quantity of this oil into the hands of Mr. 
Faraday, who subjected it to a chcgnical examination, and dis- 
covered thal it was a mixture of a considerable niunber of oils, 
several of which he succeeded in obtaining in an insulated state, 
and he showed them to be definite compounds of carbon and 
hydrogen.* The first of • these, which I sh^dl describe, Ma. 
Faraday calls carburet of hydrogen. ByT it would be more 
accurately named tetarto~carbo~hydrogehi being in reality a 


* Phil. Trans. 1825, p. 440. 
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compound of 4 atoms carbon and 4 atoms hydrogen united 
together to constitute an integrant partJele of oil. As it is 
very volatile, it doubtless exists in oil gas in the state of vapour, 
and contributes considerably to the great light emitted by that 
,gas during* 4ts combustiom Mr. ’Faraday’s mathod of procur- 
ing this substance was the following. 

'Ae oil from the* compressed oil gas was gently heated, for 
example, by the hand, and the vapour which passed off was 
made to pass through a tube cooled to zero, by being sur- 
rounded with a mixture of snow and salt, and the extremity of 
which is plunged into a mercurial trough. By degrees a por- 
tion of liquid is condensed in the tube, which is the tetarto- 
carbo-hydrogeii. Its properties are as follows. 

At 0® it is a transparent colourless liquid ; but when slightly 
heated, it begins to boil, and before it has reached the temper- 
ature of 32®, it is all resolved into vapour or gas, which may 
be received and preserved over iy.ercury. 

This gas k transparent and colourless, and burns with a 
brilliant white flaii^. Its specific gravity, as determined by 
Mr. Faraday, is between l*875i, and 1*9445, or between 27 
and 28 times heavier than hydrogen gas. W e shall see imme- 
di^itely that the true specific gravity is 1*944*4. It is exactly 
28 times heavier than ’hydrogen gas^ 

When coole’ll to 0®, it is condensed again, and constitutes a 
liquid whose specific gravity is only 0*627 at the temperature 
of 54®. A cubic inch of this liquid then weighs 158*31 grains. 
But a cubic inch of the vapour or* gaseous body into which it 
is converted by heat weighs 0*6055 grain. It is evident from 
this, that when changed into gas it increases in bulk 261^ times. 

The gas or vapour when agitated with water is absorbed 
in small quantities. Alcohol dissolves it in large quantity, and 
a solution is obtained, which upon the addition of water effer- 
vesces, and a* considerable quantity of gas is liberated. The 
alcoholic solution has a peculiar taste, and does not alter vege- 
, table blues. Olive oil dissolves six times its volume of the 
gas. It is not affected by alkaline solutions, nor *by muriatic 
acid. Sulphuric acid condenses the gas in large quantity; 
1, volume of acid condensing about 100 volumes of the gas. 
Great heat is produced; no sulphurous acid is formed; but the 
acid is blackened, at^uires a peculiar odour, and forms a per- 
manent compound of sulphuric acid, with carbon and hydro- 
gen ; constituting doubtless a new acicl. 

^ One volume of the gas requires for complete combustion 
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6 volumes of oxygen gas. Water is formed, and there is 
evolved a quantity ^f carbonic acid gas which occupies 4 
volumes. Four volumes of carbonic acid contain 4 volumes 
of oxygen gas. The other two volumes of oxygen gas formed 
water, and for tliat purpose fnust hare united with 4 volumes 
of hydrogen gas. Hence the gas is a compound of 
4 volumes carbon vapour, 1 united and condensed into T vo- constitution. 
4 volumes hydrogen gas, 3 lume. Of course, we obtain its 
specific gravity by adding together four times the specific 
gravity of carbon vapour, and four times the specific gravity of 
hydrogen gas. 

4 carbon, z= T6666 
4 hydrogen, = 0*2777 

1*9444 = specific gravity of the gas. 

It is obviously a compound of 

4 atoms carbon, * . . 3*0. 

4 atoms hydrogen, . . thS 

3*5 

so that its atomic weight is 3*5, and an integrant particle of 
it consists of 4 atoms carbon, and 4 atoms hydrogen, united 
together. ^ 

Like olefiant gas, it unites with its own volume of chlorine 
gas, and forms a transparent colourless liquid, resembling 
hydro-carburet of cliloria^ but obviously containing twice as 
much carbon and hydrogen. It h^ a sweet taste, accompa- 
nied by an aromatic bitterness, which is very persistent. 

Wlien this liquid was treated with excess of chlorine, and 
exposed to the light of the sun, action slowly took place ; mu- 
riatic acid was evolved, and ultimately a fluid tenacious com- 
pound of chlorine, carbon, and hydrogen was formed. But no 
sesquichloride of carbon could be obtained. Wfe see from this 
how very different tetarto-carbo-hydr(%en is from olefiant gas. 

6. When the oily liquid obtained by the condensation of oil 
gas is heated, it begins to boil at a very low temperature, but the 
temperature gradultlly rises as the process goes on, and ulti- 
mately gets as high as 260°. It is obvious from this, thatjihe 
fluid is a mixture of a considerable num^r of liquids differihg 
from each other in volatility. Mr. Faraday endeavoured to separ- 
ate these bodies by distilling very cautiously, and changing the 
receiver whenever the boiling point rose 10°. Thus he obtaij^ed 
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a great number of liquids differing in volatility, and by rectify- 
ing each of them a number of times, he« brought them into a 
state in ^hich the boiling point of each was tolerably perma- 
nent. He observed that the boiling point was more constant 
between 1'3J6° and 190° ti'ian at any other tenjperature ; large 
quantities of the fluid distilling over without any ehange in 
the 'degree,, while at the other parts of the series it was con- 
tinually rising. 

He fillfld a glass tube wUli a quantity of liquid whose boil- 
ing point was 176°, and exposing it to a freezing mixture, 
sunk it to 0°. It became partly solid, crystals forming round 
the side, and a fluid remaining in the centre : while two other 
portions, one distilled over at, 186°, and another 190°, treated 
in the same way, became quite hard. The solid portion was 
separated as well as possible from the liquid, and then sub- 
jected to strong pressure, wrapt in blotting paper to make it as 
dry and pure as possible. It was then allowed to liquefy. Its 
properties were found as follows : 

It is a colourless .transparent liquid, whose specific gravity 
at 60° is 0.85. 'When cooled to about 32° it crystallizes, 
bepoming solid. Its fusing point is very nearly 42° ; but when 
liquid, it may be cooled much below its freezing point without 
cofigealing. It contracts very much in the act of freezing, 9 
parts becoming. 8. So that its specific gravity in tlie solid 
state is 0*956. At 0° it is a white transparent substance, 
brittle, pulverulent, and nearly of the hardness of loaf sugar. 

It evaporates entirely when expensed to the air. Its boiling 
point in a glass vessel is 186°. Mr. Faraday found the 
specific gravity of its vapour at 212°^ to be 2*098. Hence 
at 60° it would be 2.7760. We shall see immediately that 
the true specific gravity at 60° is 2*7083. It is a non-con- 
ductor of electricity. 

It is slightly soluble in water ; but very soluble in fixed and 
volatile oils, either, alctdiul, &c. the alcoholic solution being 
precipitated by water. It burns with bright flame and much 
smoke. When admitted to oxygen gas so much vapour rises 
as to make a very powerfully detonating mixture — ^when passed 
through a red-hot tube it deposites charcoal, and is converted 
inj!o carburetted hydrogen. 

Chlorine placed contact with it in a retort exerted but 
little action till exposed to the sun’s rays; when dense 
fumes were formed without the evolution of much heat; and 
ultimately much muriatic acid was produced, and two other sub- 
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stances.; one a solid crystalline body, the other a thick fluid. 

Neither of these bocKes was soluble in water ; both dissolved 
in alcohol, the liquid readily, the solid more sloiyly. Mr. 

Faraday found them compounds of chlorine, carbon, and hydro- 
gen ; but made«no attempt art a regiilar analysis. • 

Iodine did not act on the liquid in several days, excepting* 
that it communicated to it a crimsdh colour# Potasijium heated 
in it did not lose its brilliancy, or exert any action on it, at the 
temperature of 180®. Neither alkaline solutions^nor their 
carbonates had any action on it. Nitric acid acted on it slowly, 
rendering it red, and occasioning the evolution of the odour of 
almonds. Sulphuric acid exerted a moderate action on it; 
neither heat nor sulphurous acid was evolved. But the acid 
acquired a light yellow colour, and a clear colourless liquid 
floated, which appeared to be the produce of the action. It 
appear*, that by this liquid the nature of sulphuric acid is 
modified, and it becomes p,nalogous to various other acids 
formed by the action of sulphuric acid on similar bodies. Tlie 
nature of these acids will be described in g subsequent part of 
this work. 

Mr. Faraday analyzed this liquid two ways. 1. 0.J76 constitution, 
grain of it passed through heated black oxide of copper, fur- 
nished 5-6 cubic inches of carbonic qcid gas, and 0'58 gfain 
of water. Now, 5*6 cubic inches of carbonie acid gas weigh 
2*658 grains, and contain 0*725 grain of carbon, and 0.58 
grain of water contain 0*064 grain of hydrogen. Hence 
the constituents are. 

Carbon . . 4)*725 or 1* 40 

Hydrogen . . 0*064 or 0*125 

Now 0*125 represents 1 atom of hydrogen, and 1*4 comes very 
nearly to 1*5, which represents 2 atoms of carbon. The 
reason why there is a slight deficiency of carbon, is that it was 
impossible to free tliis substance completely from the liquid 
with which it was mixed, and whic^i contained less carbon 
than the body that becomes solid^at 42°. We may then con- 
sider tliis 'substance as a compound of 2 atoms of carbon and 
1 atom of hydrogen. This is the reason why Mr. Faraday 
has distinguished it by the name of bicarburet of hydrogen. 

Mr. Faraday’s second mode of analysis throws more li]^ht 
on the nature of this substance than the«^receding one, which * 
merely determines the ratio of the constituents, without giving 
us any information ab^ut the constitution of an integrant par- 
ticle. He mixed the vapour of it with oxygen gas, fuid 
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Chap. II. detonated the mixture over mercury, determining at the same 
time the quantity of carbonic acid formed. The result was 
this, 1 voliume of the vapour required 7*5 volumes of oxygen 
gas for complete combustion, and there were formed 6 volumes 
of carbonic acid gas. Nov 6 volumes of the oxygen gas went 
to the formation of carbonic acid, the remaining 1*5 volumes of 
oxygen gas united to hydrogen and formed water. It Ls 
evident tliat the quantity of hydrogen was exactly 3 volumes. 
Thus we Lee that the vapoux of bicarburet of hydrogen is com- 
posed of 

6 volumes carbon vapour, "> condensed into 1 volume. Hence 
3 volumes hydrogen gas, 5 the specific gravity of the vapour 
must be equal to six times the specific gravity of carbon 
vapour, and tliree times the specific gravity of hydrogen gas, 
added together. 

6 carbon == 0*4166 X 6 = 2*5 c 

3 hydrogen = 0*0694 X 3 = 0*2083 

2*7083 

Thus we see that the true specific gravity of the vapour is 
2*7<083. 

The bicarburet of hydrogen of Faraday is obviously a com- 
pound of < 

^ Atomic weight. 

6 atoms carbon . . 4*5 

3 atoms hydrogen . . 0*375 


Hexacarbo- 

hydrogen. 


4*875 

Thus its atomic weight is 4*875, and the integrant particle 
contains no fewer than 9 atoms united together, constituting 
obviously a very complex body. 

7. The portion of the distilled oil which boiled at 186°, but 
remained liquid, when cooled down to zero, was obviously dif- 
ferent from the bicarburet of hydrogen. But as it retained 
bicarburet of hydrogen in solution, from which it was impossi- 
ble to free it completely, we cannot learn its constituents with 
accuracy. 

In its general characters of solubility, combustibility, action 
of potassium, &c. it agreed with bicarburet of hydrogen. Its 
specific gravity was ft*86 at 60°. The vapour at 212® had a 
specific gfravity of 2*304. Hence at the temperature of 60°, 
the specific gravity woidd be 3*0555. I have little doubt that 
the^true specific gravity at 60® is 2*9166. 
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Sulphuric acid acted upon it much more powerfully than sectni 
upon the bicarburef of hydrogen. Great heat was evolved, 
much discoloration occasioned, and a separation 1!0ok place 
into a thick black acid and a yellow lighter liquid resisting 
any farther action at commoft tempAatures. * , 

Mr. Faraday analyzed it by passing it through red-hot J?lack 
oxide of copper, collecting the carTjonic acfd gas, and weighing 
the water formed. 0*64 grain thus treated gave 4*51 cubic 
inches of carbonic acid gas and 0*6 grain water. ^*51 cubic 
inches of carbonic acid gas weigh 2*141 gprains, and contain 
0*584 grain carbon; and 0*6 g^ain of water contains 0*066 
hydrogen. The constituents then are 

Carbon . . 584 or 1*106 

Hydrogen . . 66 or 0*125 

0*125 represents an atom of hydrogen, and 1*106 is very near 
1*125,* which represents IJ atoms of carbon. We might 
therefore consider this liquid portion as a sesquicarburet of 
hydrogen. But if we recollect that it contaiuj^ an unknown 
proportion of bicarburet, which must of course increase the pro- 
portion of carbon, we can have little doubt that this liquid, if 
we could procure it perfectly pure, would be a compound of 
1 atom carbon and 1 atom hydrogen. ^ 

But we have seen that the specific ‘gravity of its vapour is 
about 3. It is clear therefore that a volume of ft must consist of 
6 volumes carbon vapour, 7 condensed into 1 voliune. The 
6 volumes hydrogen g^s, 5 specific gravity must be 
Carbon = t)*4166 X 6 = 2*5 
Hydrogen = 0*0694 X* 6 =r 0*4166 

2*9166 

Thus we see that the true specific gfravity must be 2*9166. 

One vOliune of it will require for complete combustion 9 
volumes of oxygen gas, and it will leave as a r&idue after the 
combustion 6 volumes of carbonic acid- gas. This liquid then 
might receive the name of hexa-carbo-hydrogen. It is of a 
very complex nature, since an integrant particle of it contains 
no fewer than 12 atoms united together. 

8. Naphthaline. This substance was discovered in the y^ar Ni^hthaUne. 
1819, in one of the condensing vessels ^ected in London for • 
the distilling of coal tar. It was first noticed, and some of its 
most remarkable proptsrties determined, by Mr. Garden.* Its 

* Annals of Philosophy, xv. 74. 
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properties were afterwards more minutely examined by Dr. 
Kid.* And Mr. Chamberlain has given Vs an account of the 
way in wlfich it is obtained from coal tar.f It got the name 
by which it is distinguished from Dr. Kid, in consequence of 
its obvious Connexion witft coal rihphtha. 

How^btain. A^hen coals are heated in iron retorts, as the mode is in order 
to obtain coal gas, d considerable quantity of brown coloured 
semifluid matter is obtained, usually distinguished by the name 
of coal tar. It is from this coal tar that coal naphtha and 
naphthaline are procured. To obtain naphthaline, the coal tar 
is subjected to distillation. The first fourth that comes over 
consists partly of naphtha, and partly of water, holding ammo- 
nia and naphthaline in solution. The next fourth part that 
comes over is a dense oil mixed with naphthaline, and the pro- 
portion of this last substance gradually increases as the distil- 
lation advances. If the remaining half be distilled e^ver in 
three separate portions, it will he observed that the first of 
these contain^but little naphthaline, the second scarcely any ; 
but the third contains so much, that the last few gallons dis- 
tilled often become solid from its crystallizing within a few 
ho^irs after they have come over. The last quantity of 
naphthaline obtained is mixed with much sulphur. The naph- 
thaline is deposited from the oil in imperfect crystals. It may 
be freed from the oil by pressing it between folds of blotting 
paper, and afterwards subliming it by a very gentle heat. It 
forms an exceedingly beautiful subsUince in silvery plates. 
By solution in hot oil of turpentine^ and spontaneous crystalli- 
zation, it may be obtained in transparent flat four-sided prisms, 
with angles approaching to 100® and 80®, and terminated by 
dehedral summits. 

Properties. The colour of naphthaline is white with a splendent pearly 
lustre. Its smell is aromatic, and has been compared by Dr. 
Kid to that of the narcissus. Most generally it is not quite 
free from the smell of coal naphtha. The taste is pungent and 
aromatic, but disagreeable. # 

It is a very little heavier than water. When exposed to 
the air it evaporates spontaneously, but not so rapidly as cam- 
plmr. It melts by my trials at 174®, and boils as Dr. Kid 
ascertained at 410°. But it may be sublimed at a tempera- 
ture below the point of liquefaction, and it always, when so 
sublimed, is deposited in crystalline pla|es. 

* Phil. Trans. 1821, p. 209. 

f Annals of Philosophy (second series), vi. 135. 
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It does not burn readily. Wlien heated in a platinum sect. in. 
spoon, it is volatilizeft in an acrid white smoke. When this 
smoke is brought in contact with the flame of a candle, eit catches 
fire, and the naphthaline burns with a strong yellow flame, at 
the same time emitting muclf smokef 

It is insoluble in cold^ and very slightly soluble in hot water. 

It dissolves readily in alcohol and ether, and the volatile and 
fixed oils. 

It dissolves in hot acetic and oxalic acid ; but Alls down 
again when the liquid cools. It is not acted on by alkaline 
solutions. When digested in nitric acid it is converted into a 
yellow coloured matter, having an acrid taste. This matter 
melts at 82°, and on cooling crystallizes in fine needles. Its 
specific gravity is 1*23. I do not find that this substance, 
which seems to be a compound of nitric acid and naphthaline, 
possesses acid properties. 

Naphthaline dissolves in sulphuric acid. The solution is 
dark coloured and opaque, and Mr. Faraday has shown that it 
constitutes a new acid, to which the name qf suipho-naphthalic 
acid has been given.* 

When naphthaline, rendered as pure as possible by repealed Composition, 
sublimations, is passed through red-hot black oxide of copper, 
it is completely decomposed, and converted into carbonic acid 
and water. One grain, treated in this way, yielded 3-3 grains 
of carbonic acid, and 0*9 gjain water. Hence the constituents 
are. 

Carbon . 0*9 or 1’125 =z atom 

Hydrogen . . 0*1 or 0*125 =: 1 atom 


1*0 1*25 

Thus we see that naphthaline is composed of 1| atoms carbon 
and ] atom hydrogen. These numbers merely give the ratios 
of the constituents, without throwing any light upon the number 
of atoms of each constituent which ga J;o the formation of an 
integrant particle. These are prqjiably numerous ; but cannot 
be known till we ascertain the specific gravity of the vapour of 
naphthaline. It would be premature to give this substance the 
name of sesquicarburet of hydrogen. Dr. Kid’s name of 
naphthaline must be retained till we know more about the cd^ 
stitution of this substance. From Mr. ^Iferaday’s analysis of 
sulpho-naphthalic acid, I think it not uftlikely that a volume ef 


* Phil. Trpns. 1826 , p. 140 . 
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Coal gas. 


Its constitu- 
ents. 


the vapour of naphthaline will be found to contain 15 volumes 
of carbon vapour and 10 volumes of hydrogen gas. Were 
that the easd naphthaline would be a compound of 
.15 atoms carbon . . 11*25 

lo atoms hydragen . . ' 1*25 

, 12*5 

And an atom of it would weigh 12*5. 

9. Codl gas, which is row so extensively used in Great 
Britain for lighting the streets of all our principal towns, and 
is therefore become a product of great importance, is a mixture 
of several of the substances which liave been just described as 
compounds of carbon and hydrogen, together with variable 
proportions of hydrogen and carbonic oxide gases. For the 
most accurate experiments on the nature and constituents of 
coal gas we are indebted to Dr. Henry.* t 

The nature of coal gas differs yery much, not only according 
to the kind of coal employed, but according to the way in 
which the gas is ^prepared. The more quickly the heat is 
applied, the greater is the quantity, and the better the quality 
b&thb from coal. Too low a heat expels the inflammable 
matter in the form of tar. The first portions of gas that come 
o^r are the best, and the quality becomes gradually worse as 
the distillatioii*proceeds. The last portions do not give more 
than half the light of the first portions. Sometimes the spe- 
cific gravity is as high as 0*650 ; sometimes as low as 0*346. 
The higher the specific gravity tha better always is the gas. 
The specific gravity of oil gas is sometimes as high as 0*906, 
sometimes as low as 0*590, or perhaps even loM’er. Coal gas 
in general consists of a mixture of 
Olefiant gas, 

Carburetted hydrogen. 

Carbonic oxide, 

Hydrogen gas, 

in various proportions ; but tlxe quantity of carburetted hydro- 
gen is always much more considerable than that of" any of the 
others. The vapour also of coal naphtha and naphthaline 
are mixed with the gas, and add sometliing to its illuminating 
piiJwer. It is to the presence of these bodies that*the smell of 
coal gas is owing. < ’^^his smell is nearly removed by washing 
the gas with oil of turpentine or alcohol. Neither "^ter nor 

• See Phil. Traap. 1808, 1820, and 1824. 



CARBON. 


209 


alkalies have any effect in removing it. I have not tried acids, 
because sulphuric aiSd, the only one cheap enough for use, 
would destroy the gas by abstracting its portion of olSfiant gas. 

The following table exhibits the composition oTthree dif- 
ferent varieties ©f coal gas, as deternJSined by Dr. Henry. 




Constituents in 'Volume. 

• 


Sp. gravity of 
gas. 

Olefiant gas. 

Carburetted 

hydrogen. 

Carbonic oxide 
gas. 

Hydrogen. 

Total. 



0*620 

12 

64*5.3 


15*84 

100 

0*6.30 

12 

57*49 

13*35 

17*16 

100 

0*500 

7 

55*80 

13*95 

23*25 

100 


Oil gas bemg now almost out of use, is of less importance. 

It obviously owes its great illuminating power to the presence 
of the oily substances condensed from it by pressure, and so 
well desicribed by Faraday; and likewise to the super-olefiant 
gas of Dalton. 

The following table exhibits the constituents of the best and ofougas. 
the worst kind of oil gas, as determined by ^he analysis of Dr. 

Henry. 


sp, gravity of 
gas. 

Super olefiant 
gas. 

Carburet. 

hydrogen. 

Carbonic endde. 


•- 

Total. 

0*906 

0*590 

38 

19 

4%-l6 

31*32 

14*26. 

15*66 

5*68 

34*62 

100* 

100 


The illuminating power of the best oil gas is to that of the 
best coal gas, according to the trials of Dr. Christison and Dr. 
Turner, as 2"25 to 1. 

VII. Carbon, so far as we know at present, combines with cyanogen, 
azote in only one proportion, and forms a compound discovered 
by Gay-Lussac in 1815, and which he distinguished t>y the 
name of cyanogen.* 

It is easily obtained by exposing dry prussiate of mercury 
in a small retort, to a heat rather under reifeihss; the salt 
blackens, and a gaseous fluid is extricated abundance : it 
must be recgived over mercury. This gas is cyanogen. 

This gas is colourless, and possesses the mechanical proper- Properties, 
ties of common air. Its sm#*!! is quite peculiar, and excessively 
strong and disagreeable. Its specific gravity determined bjf. 
Gay-Lussac is 1*8064. 'We shall see invnediately that the 
true specific gravity is 1*805.5, which a^ost coincides with 
Gay-Lusi^c’s number. 


Co^tituents 

of 


I. 


* Ann. de Chim. xcv. 172. 
P 
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Forms many 
compounds 


Dry bicarbu. 
xc't of azote. 


Cyanogen doubtless would destroy life if the attempt were 
made to breathe it; though I am not dware tliat any living 
animal hSs been exposed to its action. It is inflammable, and 
burns with a purplish blue flame. It is not decomposed by 
r exposure to a red heat. ~Water dissolves 4^ 4imes its volume, 
andf^cohol 40 times its volmne of this gas. It reddens tincture 
of litmus. Phosphorus, sulphur, and iodine, may be volatilized 
in it without alteration. Potassium burns in it and absorbs it. 
For complete combustion it requires twice its volume of oxy- 
gen. The products are twice its volume of carbonic acid, and 
its own volume of azotic gas. Hence it is obviously composed 
of two volumes carbon and one volume azote, condensed into 
one volume, or by weight of 

Azote . . 0*9722 or 1*75 

Carbon . . 0*833 or 1*5 

Or of two atoms of carbon united to one atom of azote. Its 
atomic weight therefore is 3*25. 

Cyanogen has the property of combining with a gp*eat variety 
of bodies, and of forming compounds deserving particular 
attention. When united to hydrogen it constitutes hydro^ 
cyanic acid or prtissic acid. When united to chlorine it forms 
chioro-cyanic acid; with sulphur it forms svIpJtO'cyanic acid; 
and with oxygen, cyanic acid. Tliere is another acid which, 
according to the experiments of Gay-Lussac and Liebig, is 
also composed of oxygen and cyanogen ; but the experiments of 
Mr. Edmund Davy give a result • somewhat dilferent. This 
acid has received the name oi fulminic. I shall reserve an 
account of all these acids, and indeed of all cyanodides, till I 
come to the second volume of this work, when the reader will 
be better able to appreciate the many curious and important, 
but difficult facts, connected with the formation and action of 
these bodies.^ 

2. When cyanodide. of mercury^ or prussiate of mercury, as 
it was formerly called, is lieated in order to obtain cyanogen, 
there remains in the glass retort after the gas ceases to come 
over a blackish matter mixed with globules of running mercury. 
"I^is matter varies much in its appearance ; sometimes being 
light and bulky, at other times looking as if it had been fused. 
Indeed the cyanodiUe liquefies and blackens fast, if the heat be 
applied rapidly. This substance in its purest state is brownish 
or reddish black. It is easily reduced to powder. When 
heated to redness it gives olF fumes, but is dbsipated very 
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slowly. In the flame of a lamp it is consumed very gradually 
without flame. In h white heat it melts and disappears pretty 
rapidly. It is insoluble in water, alcohol, ammoniaf and nitric 
acid. It dissolves in hot and concentrated sulphuric and muri- 
atic acids. When heated with chlt^te of potash it detonates 
and is completely decomposed. This substance was subjected 
to analysis by Mr. Johnston, who found it a*compou«d of carbon 
and azote, in the proportion of 2 atoms of the former to 1 atom 
of the latter.* Its constituents tire therefore the*same, and 
in the same proportion as cyanogen. Yet its properties differ 
so much from cyanogen that its constitution must certainly be 
equally different. The only supposition that we can form is 
that a much greater number of atoms of carbon and azote enter 
into the composition of an integrant particle of it than of 
cyanogen, though the ratio does not vary. But as it seems 
incapable of assuming the gaseous form we are at present unable 
to determine how many. The atomic weight will therefore be 
S'25x, X indicating the unknown number of particjpsof cyanogen 
that go to the formation of this hicarlmret ^ azote. 

3. When a saturated solution of cyanogen in alcohol is set ^ 
aside, it soon becomes dark coloured and deposites a quantity 
of brownish matter, which is bicarhuret of azote nearly pyre. 

Mr. Johnston found this, substance and likewise the bicarburet 
from the decomposition of cyanodide of mercury, when heated 
considerably to lose one-half of its carbon, and to be converted 
into a black shining matter composed of carbon and azote in 
the simple proportion of ofie atom of each, and therefore con- 
stituting a simple carburet of azote.\ ’If Mr. Johnston’s analysis 
of this substance be exact ; but it was made upon too small a 
scale to entitle it to full confidence ; it presents an anomaly not 
easily explained. Of the two constituents of it, carbon and 
azote, the one is a fixed solid and the other a gaseous body. 

Carbon is so “fixed that we are incapable of driving it off in 
ordinary cases, except in combination. • We can in many cases 
burn it awajy ; that is, drive it off by combining it with oxygen : 
but in Mr. Johnston’s experiment the carbon was actually 
volatilized alone, and the azote remained. It would be requi- 
site that so uncommon a circumstance should be very fujly 
established by the most convincing experiments before its truin 
could be admitted. It is much more lilcely that the carbon 
made its escape combiqpd with hydrogen in the state of car- 

* Brewster’s Journal (2d series), i. 73. f Ibid. p. 81. 
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buretted hydrogen. If so, the black matter contained hydrc^en. 
And indeed Mr. Johnston has brought no evidence to demon- 
strate thet absence of this substance as 'a constituent. It is 
possible also, that the carbon may have made its escape in 
pombination witli oxygen,'ln the State of carboaic oxide. But 
new ^experiments are still wanting to elucidate this obscure 
subject 


SECTION JV. or BORON. 

The saline substance called hmax has been long familiar to 
European artists, being employed to facilitate the fusion of the 
precious metals, and in the formation of artificial imitations of 
the precious stones. It comes from the East Indies, and is 
said to be found chiefly in certain lakes in Thibet and Cliina.* 
The word borax occurs first in the writings of Geber, an Ara- 
bian chemist of the tenth century. In the year 1702, Hom- 
berg, by distilling a mixture of borax and green vitriol, 
obtained a pejculiar substance in small white shining plates, 
which he called sedative or narcotic salt, and which was con- 
sidered as an efficacious remedy in continued fevers.f Lemery, 
th® younger, in the year 1727, found that this substance could 
be separated from borax by the mineral acids.J In 1731, 
Geoffroy ascertained that sedative salt gave a green colour to 
the flame of alcohol, and that borax contains in it the same 
alkaline substance that constitutes the basis of common salt.§ 
In the year 1752, Baron demonstrated by satisfactory experi- 
ments, that borax is composed of sedative salt and soda. || Se- 
dative salt was foimd to possess the properties of an acid: it 
was therefore called horacic acid. But the composition of this 
acid remained altogether unknown. Crell, indeed, published 
a set of experiments on it in the year 1800, in which he 
endeavoured to show, that its basis was a substance very similar 
to charcoal uj its properties.^ But when his experiments 
were repeated by Sir H. Davy, they did not succeed. Davy, 
in the year 1807, exposed^a quantity of boracic acid to the 
action of the galvanic battery, and observed that a black mat- 
ter was deposited upon the negative wire, which he considered 

Baron, on the authority of an Armenian merchant says, that it is col- 
lected in pits near Busrora. But I have reason to believe that he was 
misinformed. 

t Histoire de I’Acad. 1702, p. 50. f ]J(em. Par. 1728, p. 273. 

§ Mem. Par. 1732, p. 398. || Savans Strangers, ii. 412. 

If Ann. de Chim. xxxv. 202. 
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as the basis of this acid, but he did not prosecute the disco- 
very farther at the ^me. In the summer of 1808, MM. Gray- 
Lussac and Thenard succeeded in decomposing this acid by 
heating it in a copper tube along with potasspm. They 
examined the properties of ils base, to which the name of boron 
liai* been given, and published detailed account of itSi pro- 
perties.* Davy, in 1809, decomposed the acid by the process 
of the French chemists, and published likewise an account of 
the properties of boron.f Boron* may be obtain edTiy the fol- 
lowing process. 

One part of very dry and powdered boracic acid is to be How obtain- 
mixed with two parts of potassium, and the mixture put into a 
copper or iron tube, and heated till slightly red, and kept in 
that state for several minutes. A violent detonation usually 
takes place, and part of the matter is driven out of the tube. 

Wha^ remains is to be washed out with water, and the potash 
being neutralized by muriatic acid, the whole is to be thrown 
on a filter. The boron remains on the filter awl is to be well 
washed and dried. A more economical tnethod of obtaining 
boron, as Berzelius assures us, is to decompose an alkaline 
fimhorateX by potassium. Boracic acid cannot be compleifely 
deprived of its water. This is the reason of the violence of 
the detonation when potassium and i>oracic acid are heated 
together and the loss which is sustained.§ "^^len fluoborate 
of potash has been sufficiently dried, the sound at the instant 
of reduction is scarcely audible, and for every atom of potas- 
sium expended we obtain'the corresponding quantity of boron. 

The only disadvantage attending this operation is the difficulty 
of removing the undecomposed fluoborate of potash. The 
boron must be washed with a solution of sal-ammoniac and 
finally with alcohol. When pure water is employed, a con- 
siderable quantity passes in a dissolved state through the filter. [| 

Boron, thus prepared, possesses the following properties: 

It is a powder of a deep brown colour, without either taste Properties, 
or smell. ^ In close vessels it may be exposed to the most vio- 

* Mem. d’Arcueil, ii. 311, and afterwards in Recherches Physico-chimi- 
ques, i. 276. 

•f- Phil. Trans. 1809. 

t These salts will be described in a subsequenil»part of this work. 

$ 1 have prepared boron by heating boracic t^id and potassium both in 
copper and glass tubes, an'^have always sustained a considerable loss. 

II KongL Vetensk. Acad. Handlingar, 1824, p. 94, or Annuls of Philoso- 
phy (new series), x, 128. 
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heat that can be raised, without undei^oing any other 
change, except an increase of density. When first prepared 
its specifi<? gravity is 1*1 83.* Hut after exposure to a violent 
heat it sink^ rapi^y hi sulphuric acid of the specific gravity 
4*844. It is insoluble in water, alcohol, e^her, and oils, 
whet^ier cold or hot. It does not decompose water even when 
heated in that liquid to the temperature of 212°. Boron is a 
non-conductor of electricity. 

Boron is not altered in common air, or oxygen gas, at the 
ordinary temperature of the atmospliere; but when raised to a 
heat not quite so high as 600°, it takes fire and burns with 
great splendour, absorbing at the same time oxygen. By tliis 
combustion, a portion of the boron is converted into boracic 
acid, which undergoing fusion, coats the boron, and keeping 
it from coming in contact with the oxygen, puts an end to the 
combustion. If this boracic acid be washed off, the borhn will 
bum again, but requires a higher temperature. A great num- 
ber of succesi^ive combustions and washings are requisite, in 
order to convert the whole of the boron into boracic acid. 
Several experiments have been made to determine the quantity 
of' oxygen which combines with boron, and converts it into 
boracic acid; but none of them seem entitled to much confi- 
dence. Gay-Lussac and Thenard acidified a portion of boron 
by heating it in nitric acid. Five parts of boron, by this pro- 
cess, were converted into 7*5 parts of boracic acid.f Accord- 
ing to this statement, boracic acid is composed of 

Boron . 100 

Oxygen ' . . 50 

But they do not put much confidence in its accuracy. 

Davy found that when 30 grains of potassium were con- 
verted into potash 2*375 grains of boron were evolved.^; 
Now 30 grains of potassium require six grjiins of oxygen to 
convert them into potash. If we suppose the whole of this 
to have been in combii^tion with the boron, it will follow that 
boracic acid is composed of “ 

Boron . . 2.375 

Oxygen . . 6 

'♦He found farther that 1 grain of boron, when converted 

41 

c 

* Roget and Dumas ; Annals of Philosophy (new series), iii. 392, 
f Recherches Physico-chimiques, u 307. 

i Davy’s Lecture on some new Analytical Researches on the Nature of 
certain Bodies^ p. 43, Phil. Trans. 1809. 
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into boracic acid, absorbs 5*125 cubic inches of oxygen gas or 
1.773 grains. ThiS gives us boracic acid composed of 
Boron . . 1 or 33*6^ 

Oxygen . • 1*773 or 66*32 

100*00 

From direct experiments made by Beraelius ot^^the conver- 
sion of boron into boracic acid, lie has concluded that it is a 
compound of • 

Boron . . 31*19 

Oxygen . . 68*81 

100 * 00 * 

But his experiments so far as he has related them, go to prove 
that boron when acidified combines with twice its weight of 
oxyg£»i. 

I have shown by experinients which I consider as decisive, 
that the atom of boracic acid weighs exactly three.f Now 
the synthetical experiments of Davy ^nd Berzelius show 
that it is composed of two parts of oxygen and one part of 
boron. Hence it is evident that an atom of boron must wqjgh 
exactly 1, or the same as an atom of oxygen. 

So far as we know at^ present, there is no other compound 
of boron and oxygen but boracic acid. 

When boron is mixed with saltpetre and heated it explodes at 
an incipient red heat with considerable violence, the boron being 
converted into boracic acid* When heated with an alkaline car- 
bonate it burns at the expense of the carbonic acid, and carbon 
is disengaged. When heated with a caustic alkali in a state 
of fusion an effervescence takes place, hydrogen gas is evolved, 
and the boron is acidified by the decomposition of the water 
which is in combination with the potash. Boron is also easily 
acidified when heated with nitric acid or aqua regia. 

Boracic acid is usually in small. Jiexagonai plates, when 
obtained by mixing a solution gf borax with sulphuric acid, 
and settin|f the solution aside. It is then a compound of 1 
atom acid and 2 atoms water. By a red heat most of the water 
is driven off, and the acid melts into a colourless glass. This 
acid has a bitterish tastb, leaving an impression of sweetness. 

* Kongl. Vet. Acad. Haijidh 1825,p. 85. I am not aware that the expe- 
riments on which Berzelius founds this statement, have ever been published, 
t First Principles, i. 159. 
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ch^ iL It is but Kttle soluble in water, and is an acid by no means 
possessed of much energy. Its properties will be described in 
a subsequent part of this work. 

combings readily with chlorine and forms an acid 
cojaapound, Vhich is in thU state lof a gas. Ifc may be called 
borochloric acid. The account'of this substance was published 
by ^fierzeliys in. the» Memoirs of the Stockholm Academy for 
1824.* Depretz claims the discovery of it in July 1823.f 
Hence it is probable that the discovery was made both by Ber- 
zelius and Depretz without any knowledge of what the other had 
done. Dumas discovered it also in 1826, without being aware 
thSt it had been previously examined.^ There are three dif- 
ferent ways of procuring it. 1. Boron was heated by Berze- 
lius in pure and dry chlorine gas. The boron catches fire and 
burns readily. The gaseous chloride of boron is received over 
mercury mixed with chlorine. The mercury absofbs the 
chlorine, and leaves the borochloric acid in a state of purity. 
2. Depretz heated the boruret of iron in chlorine gas; chlo- 
ride of iron was forpaed, and there existed a mixture of chloride 
of boron and chlorine, the latter of which was removed by 
mercury, and the acid gas remained in a state of purity. 3. 
Dumas mixed together very dry boracic acid and charcoal in a 
porcelain tube, heated tlie mixture to /edness, and then passed 
a current of cMorine gas through it. The boracic acid was 
decomposed by the joint action of the chlorine and the char- 
coal, its oxygen uniting to the charcoal and forming carbonic 
oxide; while the chlorine united to the boron and formed the 
borochloric acid. The gas which is extricated is a mixture 
of 2 volumes of borochloric acid and 3 -volumes of oxide of 
carbon. 

ito properues. Borochloiic acid is a colourless gas, possessing the mechani- 
cal properties of common air. It has a very strong and pecu- 
liar smell. When it comes in contact with common air it 
gives out thick vapour% The specific gravity of this gas as 
determined by Dumas is 3*942.§ Water absorbs it with 
avidity ; but at the same time the gas is changed into muriatic 
and boracic acid by the decomposition of th« water. It is 
absorbed also by alcohol, which acquires an* etherial smell. 
Tflie reason of the white vapour which appears when boro- 
chloric gas is mixed*with the air is, that it undergoes decompo- 

* Page 96. f Ann. de China, el de Phys. xxxvi. 426. 

Ann. de China, et de Phys. xxxiii. 376, § Ibid. 380, 
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sition from the action of the atmosphere, muriatic acid being s*®*- 
formed and boracic hcid. When one volume of this gas is 
mixed with a volume and a half of ammoniacal gas, both gases 
lose their elasticity and are condensed into a solid salt. 

Because a mixture of boradic acid 4nd charcoal yield boro- , 
chloric acid and carbonic oxide gases, in the proportion ^f 3 
volumes of the former and 2 of the latter, 'Dumas •infers that 
borochloric gas is a compound of volumes chlorine, and 1 composiuon. 
volume boron condensed into 1 v<riume. *But I do* not per- 
ceive the legitimacy of the inference; unless we admit with 
him that boracic acid is a compound of 1 atom boron and 3 
atoms oxygen, which is very far from having been proved. 

But as borochloric acid when absorbed by water is converted * 
into muriatic acid and boracic acid, it is pretty obvious that it- 
must be a compound of 2 volumes of chlorine and 1 volume of 
boron vhpour condensed into 1 volume. For on that supposi- 
tion we have 


, , , . . , C 1 atom boron, 

borocliloric acid, ■i . 1 1 • • 

C 2 atoms cliiorine. 

It will decompose two atoms water composed of 

2 atoms oxygen, 

2 atoms hydrogen. 


which will constitute ^ . 

1 Boracic acid composed of 1 boron -f- ^ oxygen, 

4 Muriatic acid 2 chlorine -j- 2 hydrogen. 

But this supposition does not accord well with the specific 
gravity of borochloric acid as determined by Dumas. He 
found it only 3*942, whereas a gas* composed of 2 volumes 
chlorine and 1 volume boron condensed into 1 volume, would 
have the specific gravity 5*5555.* If we were to suppose the 
gas composed of 2 volumes chlorine and 1 volume boron con- 
densed into volumes, the specifie gravity would be 3*7, 
which is below the determination of M. Dumas. The subject 
obviously requires farther investigation* 

3. No combination between boron and bromine or iodine 
has been hitherto observed. 

4. Boron has^the property of combining with fluorine, and 
of forming with'it a powerful acid, to which the name of fliw- 
horic acid has been given. It was discovered by Ghiy-Lussac 
and Thenard in 1808, who published a detailed account of its 


* Supposing, as is most likely, that the specific gravity of boron vapour 
is equal to its atomic weight multiplied by 0*55fii. * 



21d 


SIMPLE ACIDIFIABLE BASES. 


”• properties.* Some additional facts respecting it were after- 
wards published by Dr. John Davy.f Jt may be procured by 
the following process. 

Mix together in a retort one part of finely pounded fused 
boracic acid, two parts ot‘ fluor spar in powder, and 12 parts of 
< sulphuric acid. Apply the heat of a lamp. A gas comes 

over which must be collected over mercury. It is fluoboric 
acid gas. For this process we are indebted to Dr. John Davy. 
The gas obtained by this process is never pure. It is always 
mixed with iluosilicic acid, and I found it also contaminated 
with sulphuric acid. Thenard and Gray-Lussac obtained it by 
mixing dry fluor spar and boracic acid together, and heating 
the mixture to whiteness in a gun barrel. But that process is 
troublesome and little productive. Perhaps the easiest method 
of getting the gas pme, is to dissolve boracic acid in pure 
fluoric acid, as was done by Berzelius. A slight hedt drives 
off the gas which may be received over mercury. 

Propertici of. Fluoboric,acid thus obtained is colourless, and possesses the 
mechanical propewties of common air. Its smell is similar to 
that of muriatic acid, and it has an exceedingly acid taste. It 
instantly gives a red colour to vegetable blues. Its specific 
gravity, as determined by Dr. Davy, is 2*3709. J I obtiiined 
the very same specific gravity in two diflferent trials. But 
upon deductirig the fluosilicic acid and sulphuric acid with 
which the gas was contaminated, the specific gravity came 
out 2’3622.§ Dumas determined the specific gravity of this 
gas by experiment, and found it 2’'3124.[) Water, according 
to Dr. Davy, absorbs 700 times its volume of this gas. The 
liquid thus obtained is of the specific gravity 1*77. Hence it 
follows that a cubic inch of water when saturated with this gas 
is expanded to 1*697 cubic inch. This liquid acid has a cer- 
tain degree of viscidity, similar to that of sulphuric acid; and, 
like it, requires a high temperature to cause it to boil. It 
smokes at first, and gives out about the fifth part of the gas 
which it contains, but no more, when heated; like sulphuric 
acid it chars animal and vegetable substances. It forms also an 
etAer when distilled with alcohol. It combines with the difier- 

* Mem. d^Arcueil, ii. 317 ; and Kecherch^s Physico-chimiques^ ii. 37. 

t Phil* Trans. 18 1 2, p. 365. 

j Mr. Harvey lately' tnoifl the specific gravity of this gas in my laboratory, 
and found it 2’3649, a result which does not, differ much from that of Dr. 
Davy. 

^ § First Principles, i. 159. || Ann. de Chim. et de Phys. xxxiii. 283, 
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ent bases, and forms salts called Jhwborates. It may be passed sect. iv. 
over red-hot iron without undergoing any change. But pot- ^ 
assium burns in it and appears to be converted into #uoride of 
potassium, while boron is disengaged. Sulphuric ajid has the 
property of absofbing 50 times its volume of this gas according 
to the determination of Berzelius. ^ The acid becomes vist:id. 

When diluted with water, a white precipit&te app^s, which 
is boracic acid. 

When water absorbs fluoboric dbid gas, it allows *a certain 
quantity of boracic acid to precipitate. This (if we consider 
fluoboric acid as a compound of fluorine and boron) must be 
owing to the decomposition of water. Fluoric acid must be 
formed, and boracic acid in the proportion of 2 atoms of the 
former to one of the latter. When the water becomes satu- 
rated with fluoboric acid gas, the boracic acid disappears. It 
woiild s*eem, therefore, that it is decomposed, and the original 
fluoboric acid formed again. . Berzelius is of opinion that one- 
fourth of the boron is precipitated in the state o^boracic acid. 
Three-fourths of the fluoboric acid remain,*and one-fourth of 
fluoric acid is formed. These two united together constitute 
what Berzelius has called hydro-fluoboric acid. * 

It has hitherto been impossible to analyze fluoboric acid ^d 
determine its constituents directly. But we may determine 
its atomic weight with considerable precision, from which we 
can deduce its composition with little risk of error. Dr. Davy 
found that fluoboric acid gas and ammoniacal gas combine with 
each other in the following*proportions: 

1. 1 volume fluoboric gas • tj 

. , . ° , > forming a solid salt. 

1 volume ammoniacal gas y ° 

2. 1 volume fluoboric gas ~ . , 

, f forming a liquid. 

2 volumes ammoniacal gas j o -i 

3. 1 volume fluoboric gas "> r • i. . , 

„ 1 • 1 r forming a liquid. 

3 volumes ammoniacul gas y o 't 

Let us substitute for these volumes the*weights by employing 
the specific«gravities of the two g^es. 

1. Fluoboric acid . . 2*3124 or 8*344 

Ammonia . . 0*59027 or 2*125 

2. Fluoboric acid * . . 2*3124 or 4*172 

Ammonia . . 1*}9055 or 2*125 

3. Fluoboric acid . . 2*3124 or 4*172 

Ammonia * . . 1*77083 or 3*1875 

It will be seen as we proceed with this work that 2 volumes 8f 
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ammonia are equivalent to an atom of that gas. But we have 
no means of deciding whether 1 volumh or half a volume of 
fluoborioigas be equivalent to an atom. It is evident, however, 
from the preceding tabje, that the atom of fluoboric acid is 
either 8’344 or 4*172, talcing Dumas’ specific gravity as correct. 
W^re we to employ the specific gravity as determined by me, 
the atomic weight would be 8*5 or 4*25. Unfortunately no 
salt composed of fluoboric acid and a base has been hitherto 
analyzed; We cannot tiierefore be certain of the atomic 
weight of this acid. But I am disposed, from analogy, to 
consider the atomic weight to be 4*25, and to reckon 1 volume 
of it as equivalent to an atom. If so, and if it be a compound 
of fluorine and boron, it must consist of 

1 atom fluorine . . 2*25 

2 atoms boron . . 2*00 

4*25 

For no othe^|[ proportions will agree with the atomic weight. 
I do not think it jjiecessary to discuss the theoretical determi- 
nations of Berzelius and Dumas, because they are founded on 
suppositions which Ixave not been proved, and which, therefore, 
cwnot find a place in an elementary treatise on chemistry, 
where facts alone, not hypotheses* should be attended to. 
Berzelius conceives it to be a compound of 

Fluoric acid . . 47*942 

Boracic acid . . 52*058 


100 

Dumas considers it as a compound of 

1 atom boron . . 0*68 

3 atoms fluorine . . 3*51 

4*19» 

I by no means consider my determination as absolutely certain, 
till it be corroborated by d,'rect analysis ; but in point of sim- 
plicity it far excels either the elaborate deductions' of Berzelius 
or Dumas.f 

5. Leopold Gmelin appears to have obtained a boretted 

* Dumas makes thaatom of boron 0*68, aij^ the atom of fluorine 1* 17, 
guided entirely by hypotHjl&cal views. ’ 

t The reader will find Berzelius’ view explained in the Kongl. Vetens. 
Acad. Handl. 1824, p. 68 ; and Dumas’s in Ann. de Chim. et de Phys. 
Xxxiii. 372. 
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hydrogen by the following process. He mixed together four scclv. 
parts of iron filings an’d one part of boracic acid, and exposed 
the mixture to a strong heat for half an hour in a^crucible. 

Tlie fused mass was dissolved in dili^ied muriatic |cid. An 
effervescence took place, and Boretted^ydrogen gas was extri- 
cated.* This gas had the smell of common hydrogen gas 
from iron, mixed with somewhat of ^e smell bf garlic* When 
kindled it burned witli a reddish yellow flame surrounded by a 
green border, and white fumes madfe their appearande in the 
vessel in which the combustion took place. These were the 
only characters by which the presence of boron was indicated. 

Gmelin neither determined the specific gravity of the gas, nor 
made an analysis of it. His experiments therefore are sufficient 
only to show us that horetted hydrogen gas ma-y be formed. 

His gas seems to have been pure hydrogen, mixed with only 
a small proportion of boretted hydrogen. 

6. Hitherto no combination of boron with azote or with 
carbon has been discovered. 

The affinity of boron for oxygen appears V> be greater than 
either tliat of hydrogen or carbon. Accordingly at a red heat 
it decomposes water and carbonic acid. Indeed it has a stronge* 
affinity for oxygen than any of the axidijiable basesy unless 
silicon constitute an exception. Acoordingly it separates 
oxygen from all of them when assisted by a suTBciently high 
temperature. 


SECTION V. OF SILICON. 

There is a rock, which occurs in great abundance in the History, 
primitive mountains, sometimes forming immense beds, or even 
whole mountains : sometimes mixed with other stony bodies, as 
in granite. This rock is known by the name of quartz. As 
this stone and several others w'hich resemble it, as flinty calce- 
dony, &c. liave the property of melting into a glass when 
strongly heated with potash or soda, they were classed together 
by mineralogists under the name of vitrl^able stones. Mr. Pott, 
who first deswibed the properties of ^ese minerals in 1746, gave 
them the name of siliceous stoneSy supposing them all chiefly 
composed of a peculiar earth called siliceous earth or silica. This 
earth was known to Glauber, who describes the method oT . 
obtaining it from quart^. But it was long before its properties 
were accurately ascertained. Geoffroylfendeavoured to prove 


* Schweigger’s Journal, xv. 246. 



222 


SIMPLE ACIDIFIABLE BASES. 


Chap. II. 


How obtain. 

C3d. 


that it might be converted into lime,* and Pott,f and Baume,:j: 
tliat it may be converted into alumina : but these assertions 
were refliited by Cartheuser,§ Scheele, H and Bergman.f To 
this last c^iemist we are indebted for the first accurate descrip- 
tion of the properties of hrilica.*^ *• 

After the discovery of the composition of the fixed alkalies 
by Davy,' it naturally suggested itself to chemists tlmt silica 
also was a compound of oxygen and a certain unknown base. 
Berzelius, hy heating violently a mixture of silica, iron, and 
charcoal, succeeded in separating the oxygen and uniting the 
base of the silica to the iron. Davy attempted to obtain the 
base of silica in an insulated state, by passing potassium through 
red-hot silica. He by this process decomposed the silica ; but 
the whole sis the base of silicsi may be called, was 

redissolved and decomposed when water w’as poured on it. 
The reason probably was, that he had emjdoyed sm excess of 
potassium to decompose the silica. Berzelius afterwards suc- 
ceeded in oViiining silicon in a separate state, and in determin- 
ing its properties4t 

There are two processes by means of which this substance 
iftay be obtained in a state of purity. 

f 1. If potassium be heated in fluosilicic acidgas,§§ the metal 
becomes covered with "a crust which, becomes gradually black, 
and at last breaks, while the potassium catches fire and burns 
with a red flame. After the combustion a brown scoriaceous 
looking matter remains. When it is thrown into w'ater hydro- 
gen gas is evolved with great lajiidity, and a dark brown 
powder falls to the bottom, upon wliich w'ater has no farther 
any action. This powder is silicon mixed with a little fluo- 
silicate of potash, a salt which being but little soluble in water 
is very diflScult to wash away. It may, how^ever, be completely 
got rid of by w^ater, though a great deal of time and much 
washing is necessary for the purjiose. The brown matter thus 
freed from fluosilicate.*of potash is pure silicon. 

2. Another and easier process for obtaining silicon is to mix 

t 

* Mem. Par. 1746, p. 286. f Lithogeogn, p. iii. Preface. 

i Man. de Chim. j Miner. Abb. || Scheele, i. 191. 

^ Sur les Torres Gleppoiiuiiies ; Opusc. v. 59. ** Ibid. ii. 26. 

"j-f It has been usually denominated ^ut as the termination um is 

used by chemists to denote metals, it is bett^^- tt) make carbon^ boron^ and 
silicon^ which are not meftfllic, and which resemble each other closely, ter- 
minate in the same syllable ow, already apprcjpriated to carbon, 

Kongl. Vetensk. Acad. Handl. 1824, p. 46. 

‘ §§ This gas will be noticed in a subsequent part of this section. 
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fluosilicate of potash made as dry as possible Mdthout having 
been ignited, with |tli8 of its weight of potassium. The mix- 
ture mfiy be made in a glass or iron tube. The n^e is to 
have the salt in powder and to heat the potassium t^ it melts. 

It is then well mixed with th^ salt bjr means of an iron rod or 
wire. Tlie mixture is tlien heated over a spirit lamp. , It 
becomes all at once red-hot, the potassiufh burning at the 
expense of the silica which it deprives of its oxygen. A 
coherent mass of a liver brown colofir is the result, which is a 
mixture of fluate of potash and silicet of potassium, with a 
portion of undecomposed fluosilicate of potash. When this 
mixture is thrown into water a quantity of hydrogen gas is 
suddenly given out, because the potassium of the silicet is con- 
verted into potash by decomposing water, and the silicon is set 
at liberty. As soon as the effervescence is over, and the liquid 
has becbme clear, it is decanted off. The brown powder 
remaining must be well washed with cold water to remove the 
potiish with which it is contaminated, and the ^uosilicate of 
potjish with which it is mixed. After the potash has been well 
washed away by cold water, hot water may be used to wash 
away the fluosilicate of potash. When it has been completely 
washed away pure silicon remains, which may be collected on 
a filter and dried. , • 

Silicon thus obtained is a powder of a deep brown colour. Properties, 
and so similar in appearance to boron, that it would be very 
difficult to distinguish the one from the other by their external 
characters. Silicon is rathet deeper coloured and more brown 
than 6oro». It is a non-conductor of electricity. It stains the 
fingers and adheres to every thing that comes in contact with 
it. Like carbon and boron it may be exposed to a very high 
temperature in close vessels without fusion ; but becomes 
harder the greater the heat to which it has been subjected. 

By this treatment its properties are very materially altered. 

Silicon, before it has been strongly boated, is readily com- 
bustible in the air, and burns with a very lively flame. By 
this combusSon about one-third of it is converted into silica, 
while the rest is preserved by the silica formed, preventing 
the uiiburnt portion from coming in contact with the atmq- 
sphere. WJicn thus burnt (even when made as dry as possible* 
beforehand), there is always formed q .certain quantity of 
water, and we perceive^ a feeble blue Kame at the surface. 

This shows that it is not pure silicon, but a compound of 
silicon and hydrogen. The hydrogen doubtless replaced thS 
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potassium whon the silicet of potassium was decomposed by 
water. It is not acted on by sulphuric acid, nitric acid, nor 
aqua reg^ even when boiled with these acids. But liquid 
muriatic ^id dissolves il^even without the application of heat. 
So does a concentrated solution of caustic poUish when assisted 
by heat. At the same time a^quantity of hydrogen gas is evolved. 

After silicon ha§ been ignited, its specific gravity is higher 
than 1*837 ; for it precipitates to the bottom of concentrated 
sulphuric*^ acid. It neithef' burns in air nor in oxygen gas, 
even though strongly heated in these mediums. It is not 
altered by the action of the blow-pipe even when mixed with 
chlorate of potash. Nor does it burn though it be heated to 
redness in saltpetre. Neither fluoric acid nor a solution of 
caustic potash have any action on it even at a boiling tempera- 
ture. But a mixture of fluoric acid and nitric acid ^solves it 
with great facility, while at the same time deutoxide of azote 
is disengaged. 

The difference between the silicon, before and after strong 
ignition is, that the heat drives off the hydrogen with which it 
was combined, and leaves the silicon pure. It may be obtained 
ill that state by half filling a platinum crucible with it, and 
slQwly heating it while covered with its lid. By this method 
the hydrogen is gradually burnt away, the heat is then to be 
raised to whiteness, and the crucible kept in that state for some 
time. The silicon, thus treated, is to be washed in fluoric 
acid, in order to remove any silica with which it may be mixed. 
Being now washed and dried it is pure. 

Silicon has a strong affinity for oxygen, but the combination 
does not take place except at a very high temperature. To 
convert it into silica or silicic ax:id^ as it should be called, we 
must mix it with dry carbonate of potash or soda. When such 
a mixture is heated (far below redness) the silicon bums 
vividly, at the expense of the carbonic acid ; carbonic oxide 
is disengaged, and the-residue is tinged black by carbon depo- 
sited. If we employ a greut quantity of the alkaline carbon- 
ate, combustion does not take place, and no carbon is precipi- 
tated; nothing takes place but the evolution of carbonic 
o$ide and the conversion of the silicop,^^mto silicic acid. By 
Ihis process silicate of potash or "soda islpmed. ,, . 

Saltpetre even in hastate of fusion d^ jtot act upon silicon. 
When we raise the heat to redness, a,^/eeble disengagement of 
gas takes place. If we add a little dry carbonate of ^tash to 
the mixture, the silicon immediately detonates by decompos- 
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ing the carbonic acid of the carbonate. If we heat a mixture sect.fcV, 
of silicon and nitre to* a white heat, a very violent detonation 
takes place, and silicic acid is formed. - 

Silicon burns also with disengagement of light w decom- 
posing the water Jn the fused alkaline4iydrates. But it has no 
action on boracic acid or on borate of soda. ^ 

II. Silicon has the property, in all probability, of combin- 
ing with all the supporters of combustion, though upon bro- 
mine and iodine sufficient experiments have not ^et been 
made to enable us to affirm that it is capable of combining 
with these two bodies. 

1. We are acquainted with only one compound of silicon smcicacid. 
and oxygen ; namely, silica or silicic acid^ which is one of the 
most abundant substances in nature. It is a white, tasteless 
powder, feeling gritty between the teeth, and having a speci- 
fic gravity of 2-65 according to the determination of lloget and 
Dumas.* When originally formed by the combustion of sili- 
con, it was found by Berzelius so soluble in water, that the 
liquid when concentrated, gelatinized. But^ after it has been 
exposed to heat it loses its solubility altogether. When silica 
is mixed with thrice its weight of potash, or with a quantity of 
carbonate of potash containing thrice as much potash as tlie 
weight of the silica employed, and the mixture is exposed to^ a 
strong red heat, it fuses and assumes on cooling the appearance 
of glass. This glass dissolves in water. If to an aqueous 
solution of it we add as much muriatic acid as wdll saturate the 
alkali and concentrate tlui solution sufficiently, the silica 
assumes tlie form of a wdiite translucent jelly. This character- 
izes silica. If evaporate the whole to dryness, and wash 
off the salt of potash from the dry mass, the silica remains 
behind in the state of a very fine white tasteless pow^der. 

Berzelius and Stromeyer made a set of experiments to Comiwsition, 
determine the quantity of oxygen Mdiich exists in silica. They 
mixed together iron filings from the piyfest iron tJiat could be 
procured, silica, and charcoal,f in t^e proportions of 3 iron, 1*5 
silica, and 0*66 charcoal. This mixture was put into a covered 
crucible, and exposed for an hour to the greatest heat that 
could be raised in a blast furnace. By thi^ means a combina- 
tion of iron, silicon, ^d* carbon, was formed. It was in tlie* 
state of globules that lij^ undergone con\p)ete fusion. When 
freed from the charcoal they were white and ductile, unless 

* Annals of Philosophy (second series), hi. 392 . 

f Stromeyer used lamp black to get rid of the alkali which charcoal contain!. 
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^*'“**' when they contained a great proportion of carbon. When 
dissolved in muriatic acid they gave out a greater proportion 
of hydrogen gas than the same weight of pure iron would have 
furnished^ A substance remained undissolved, which retained 
, . the form of the globule^; and which was silica, still mixed with 
so^e iron and carbon, from which it was separated by repeated 
calcination and digestion in muriatic acid. According to 
Stromeyer’s experiments, the globules containing most silicon 
were coihposed of f 

Iron . . 85*3328 

Silicon . . 9*2679 

Carbon . . 5*3793 

100*0000 

and the globules that contained the least silicon were com- 
posed of 

Iron . , 96*1780 

Silicon , ’ . 2*2124 

C^bon . . 1*6096 

• 100 * 0000 * 

The specific gravity of the iron was considerably reduced 
by combining it with silicon. The specific gravity of the iron 
employed by^tromeyer was 7*8285. The specific gravity of 
the alloy was never higher than 7*3241, nor lower than 6*7777- 
Its specific gravity was inversely as the proportion of silicon 
which it contained. » 

There could be no- doubt, that in the alloy the silicon 
existed in a state of purity, but when the compound was 
dissolved in muriatic acid, the silicon combined with oxygen, 
and was converted into silicon. Both Berzelius and Stromeyer 
endeavoured to determine the quantity of oxygen which 
unites with silicon, and converts it into silica, by decomposing 
a given weight of the^ alloy, and then weighing each of the 
constituents separately, ^fhe excess of weight was considered 
to be the oxygen which had united with the silicon. This 
method would answer, if these experiments could be per- 
formed with rigid accuracy. But where an error amounting 
' only to a small fraction of a grain would make a very 
material differenced ip the result, it is impossible to have much 
confidence in the coifclusions. According to the experiments 
of Berzelius silica is composed of 

t 

* Gilbert’s Annalen, xxxviii. 330. 
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Silicon . . 54’66 to 52*25 

Oxygen . . 45*34 to 47*75 

100*00 100 * 00 ^ 

According to,Stromeyer, silica is Composed of 
Silicon * * 46*0069 

Oxygen . .* 53*9931 


• 1000000 

The mean of these two sets of experiments gives us silica 
composed of 

Silicon . . 100 

Oxygen . . 102*245 

After Berzelius had obtained silicon in a state of purity, 
he made a direct experiment to determine how much it increased 
in weight when converted into silica. He ignited 100 parts 
of silicon with carbonate of soda. The mass was super- 
saturated with muriatic acid* evaporated to dryness, and the 
residue strongly ignited. Being digestei^ in water a grey 
coloured silica remained, which after washing and ignition, 
weighed 203*75 parts. The liquid filtered from the silica 
was again evaporated to dryness, and the saline residue ignited. 
By dissolving the fused salt in water Jl*5 part more of sifica 
was obtained, making tlie whole weight of sflica from 100 
silicon 205*25.* According to this experiment, silica is com- 
posed of 

Silicon • • . 100 or 0*95 

Oxygen . . 1*05*25 or 1 

If we consider silica as a compound of 1 atom silicon and 1 
atom oxygen, this analysis gives us 0*95 for the atomic weight 
of silicon ; while the mean of the experiments of Berzelius and 
Stromeyer on silicet of iron, gives 0*978 for that weight. 

But I am satisfied that the weight of the atom of silicon 
deduced from both of these sets of expejriments, is a litle below 
the truth. I have shown elsewher^p that the atomic weight of 
silica deduced from the analysis of eight different minerals is 
2*00245.f This (if we suppose silica to contain 1 atom of 
nnd 1 atom of silicon) gives 1*00245 for the atom of 
silicon. I have shown also that the hydrates of silica which* 
are numerous, and five of which I exanuived, give exactly 2 

for the atomic weight of silica. J This "would make the atom 

0 

* Kongl. Vetens. Acad. Handl. 1824, p. 63. 
f First Principles, i. 171. t Ibid. p. 191. 
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of silicon exactly 1, a number recommended by its simplicity, 
and which I am disposed to consider as the true weight of that 
body. Silicon then not only resembles boron very closely in its 
propertiesV but has also the same atomic weight with that body. 
. . 2. Chloride of silicon}' Silicoli was found hy Berzelius to 
bur^ vividly when heated in chlorine gas, and to be rapidly 
volatilized.(i The ‘compound tlms formed condensed into a 
colourless liquid, which was chloride of silicon. It is very lim- 
pid and volatile, and evapoiates almost instantaneously in the 
form of a white vapour when exposed to the open air. It 
boils at a temperature below 212°, and the specific gravity of 
its vapour, as determined by Dumas, is 5*939.* It has a suf- 
focating odour, not unlike that of cyanogen. It reddens lit- 
mus paper very strongly, and seems therefore to possess '^e 
characters of an acid. When dropt into water it swims on the 
surface of that liquid. It is gradually dissolved in the' water, 
but deposites at the same time a little silica in the form of 
jelly. When a drop of chloride of silicon and of water are 
brought into conta<;it, muriatic acid is disengaged, and the water 
is converted into a jelly by the deposition of silicic acid. 
Thus we see that water and this chloride mutually decompose 
each other. It is obvious from this that it is composed of 
1 atom chlorine . ^ . 4*.5 

f atom silicon . . 1* 

5*5 

Its atomic weight therefore is 5.5.* 

It is obvious that the specific gravity of the vapour of this 
chloride is equal to its atomic weight, multiplied by 1*1111 or 
6*1111. It is precisely equal to the specific gravity of 
chlorine gas + the specific gravity of fluosilicic acid. Is it not 
a compound of 1 volume chlorine gas + 1 volume fluosilicic 
acid, united together, and condensed into one volume ? 

Potassium is not altered when mixed with chloride of silicon ; 
but if the mixture be heated, the chloride is converted into a 
gas in which the potassium catches fire, and burns when the 
temperature becomes rather elevated. 

, 3. We do not know at present the bromide ef silicon. 
"Berzelius did not succeed in forming 'an iodide of silicon when 
he heated silicon in’ iodine vapour.f . 

4. Silicon unites with fluorine and jforms an acid gas, which 

* Ann. de Chim. et de Phys. xxxiii- 367. 
j- Kongl. Vetens. Acad. Handl. 1824, p. 58. 
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was first formed by Scheele, and afterwards more particularly sectv. 
examined by Dr. Priestley. It has received the'name'of Jluo^ 
silicic acid. It is easily obtedned by mixing togethej fluor spar *“***■ 
and glass or quartz, both in fine jywder in a s^all retort, 
and adding a sufficient quaiftity of sulphuric acid to form th^ 
whole into a semifluid magma. Wlien heat is applied tc^ this 
mixture, fluosilicic acid comes over in thd form o^ a transpa- 
rent invisible gas. 

This gas is rapidly absorbed bjf water, while sili&i is depo- 
sited in a gelatinous state. Its specific gravity, as determined 
by Dr. Davy, is 3’5735.* I found the specific gravity 3*6.f 
Wlien this gas is placed in contact with liquid ammonia, it is 
absorbetl, and the whole silicon which it contains is deposited 
in the state of silica. Dr. Davy found that 40 cubic inches 
of the gas, when thus treated, deposite 27*2 grains of silica. 

On repeating the experiment, I obtained from 40 cubic inches 
of this gas 27* 14 grains of silica; but from the difficulty of col- 
lecting the whole, it is possible that a little mav have escaped 
me. Forty cubic inches (supposing the fipecific gravity 3*6) 
weigh 44*848 grains. Hence the gas (supposing it a compound 
of fluoric acid and silica) must be composed of 

Fluoric acid . . 17*648 or 1*25 

Silica ... . 27*2 or 1*81 


44*848 

These numbers, though not correct, approach near enough 1 
atom fluoric acid and 1 atom of silica, to satisfy us that this 
must be the constitution of the acid. Or if we consider it as 
a compound of fluorine and silicon, its constituents must be 
1 atom fluorine . . 2*25 

1 atom silicon .. . 1*00 


8*25 

And its atomic weight must be 3*25. ^The nature and proper- 
ties of this acid will be treated of more at large in a subsequent 
chapter of*this work, when the different acid substances come 
under our review. 

5. It is obvious from the phenomena observed, when silicet sme^ of 
of potassium is decompbsed by water that the brown coloured ^ ^ 
powder obtained, which burns so readij:y*when heated in the 
open air or in oxygen |^s, is a compoiihd of silicon and hydro- 

* Phil. Trans. 1812, p. So-t. f First Principles, ii. 174-. 
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gen; or a silicet of hydrogen probably composed of an atom 
of each constituent. If so, its constituents are 
1 atom silicon . . 1 

[I atom hydrogen . . 0*125 

. 1*125 

Its atomic weight will be 1*125, and its constituents bear the 
same ratio to each other as oxygen and hydrogen in water. 

6. We kre not acqxiainted with any compound of silicon and 

7. Silicon and carbon combine when they come in contact 
in a nascent state. This carburet, which is a dark brown 
powder, burns when heated, silica and carbonic acid gas being 
formed, but without any sensible augmentation in weight. 
If we suppose the earburet of silicon to be composed of 

1 atom carbon . . 0*75 

1 atom silicon . . 1*00 


1*75 

.it is obvious that its atomic weight will be 1*75, and that 1*75 
of«it when completely burnt, would be converted into 2 of 
siliea. Thus the augmentation of weight is but small, and if 
the combustion of the silica be imperfect, it may even be imper- 
ceptible. * 

8. No attempt has been made to combine silicon and boron. 
"When silicic acid and boracic acid are heated together they 
melt, and are eonverted into a transjiarent colourless glass. 

From the preceding atecount of silicon, its close resem- 
blance to boron must be evident. The apparent anomaly of 
silicon burning vividly in a carbonated alkali, but not in salt- 
petre, seems to be owing to the very high temperature requi- 
site before silicon and oxygen can combine. The nitre when 
slowly heated loses its oxygen before it reaches the requisite 
temperature. In the ajkaline carbonates, the affinity of the 
silica for the alkali is the c^use, probably, why the silicon 
unites to the oxygen of the carbonic acid, and burns dt a compa- 
ratively low temperature. 

SECTION VI. OF PHOSHHORUS. 

Phosphorus may procured by the following process: 
Let a quantity of bonei^ be burnt, or, as it is termed in che- 
mistry, calcined^ till they cease to smolce, or to give out any 
od^ur, and let them afterwards be reduced to a fine powder. 
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Put 100 parts of this powder into a basin of porcelain or 
stoneware, dilute it with four times its weight of water, and 
then add gradually (stirring the mixture after every addition) 

83^ parts of sulphuric acid.* * * § The mixture becomd^ hot, and 
a vast number of air-bubbles lu”e extifcated.-]- Lea^^ the .mix- 
ture in this state for 24 hours; taking care to stir it well every 
now and then with a glass or porcelain rod to enal^e the acid 
to act upon the powder.^ 

The whole is now to be poured on a filter of aloth ; the 
liquid which runs through the filter is to be received in a por- 
celain basin ; and the white powder which remains on the 
filter, after pure water has been poured on it repeatedly, and 
allowed to strain into the porcelain basin below, being of no 
use, may be thrown away. 

Into the liquid contained in the porcelain basin, which has 
a very ’acid taste, nitrate of lead,§ dissolved in water, is to be 
poured slowly ; a white powder immediately falls to the bottom : 
the nitrate of lead must be added as long as any of tliis powder 
continues to be formed. Throw the whole upon*a filter. The 
white powder which remains upon the niter is to be well 
washed, allowed to dry, and then mixed with about one-sij^h 
of its weight of charcoal powder. This mixture is to be put 
into an earthenware retort. The retprt is to be put into a 
furnace, and the beak of it plunged into a ves.»l of water, so 
as to be just under the surface. Heat is now to be applied 
gradually till the retort be heated to whiteness. A vast num*« 
ber of air-bubbles issue fr<am the beak of the retort, some of 
which take fire when they come to»the surface of the water. 

At last there drops out a substance which has the appearance 
of melted wax, and which congeals under the water. This 
substance is phosphorus. 

It was accidentally discovered by Brandt, a chemist of Ham- History, 
burgh, in the year 1669, 1| as he was attempting to extract 

* It would appear from the observations of M.^ulien Java1,that biphosphate 
of lime and ^harcoal when heated yield most phosphorus. See Ann. de 
Mines, vi. 89. 

•f- The copious emission of air-bubbles, is called in chemistry effervescence. 

j Fourcroy and Vauquelin, Mem. de I’Inst. ii. 282. 

§ A salt to be described in a subsequent part of this work. It answers 
better" than acetate of lead, as was first pointed oyt by Giobert, and more 
lately by Mr. Hume. See Giobert’s process, Ann. de Chim. xii. 15 ; and 
Phil. Mag. XX. 100. , 

II Homberg, Mem. Par. x. 84. An account of it is published in the Phi- 
losophical Transactions for 1681, first by Sturmius, and then by Dr. Slqye- 
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from human urine a liquid capable of converting silver into 
gold. He showed a specimen of it to Kunkeb a German che- 
mist of considerable eminence, who mentioned the fact as a 
piece of i^ws to one Kraft, a friend of his at Dresden. Kraft 
immediately repaired to^Hambulgh, and puroliased the secret 
from Brandt for 200 dollars, exacting from him at the same 
time a promise not to reveal it to any otlier person. Soon 
after, he exhibited his phosphorus publicly in Britain and 
France, expecting doubtless that it would make his fortune. 
Kunkel, who had mentioned to Kraft his intention of getting 
possession of the process, being vexed at the treacherous con- 
duct of his friend, attempted to discover it himself ; and about 
the year 1674 he succeeded, though he only knew from Brandt 
that urine was the substance from which phosphorus had been 
procured.* Accordingly he is always reckoned, and deservedly 
too, as one of the discoverers of phosphorus. 

Boyle likewise discovered phosphorus. Leibnitz indeed 
afErms, that Kraft taught Boyle 'the whole process, and Kraft 
declared the same ^tiling to Stalil. But surely the assertion of 
a dealer in secrets, and one who had deceived his own friend, 
op which the whole of this story is founded, cannot be put in 
competition with the affirmation of a man like Boyle, who was 
not only one of the grqatest philosopliers, but likewise one of 
the most virtuous men of his age ; and he positively assures us, 
that he made the discovery without being previously acquainted 
with the process.'!' 

Mr. Boyle revealed the process to his assistant Godfrey 
Hankwitz, a London apothecary, who continued for many 
years to supply all Europe with phosphorus. Hence it was 
known to chemists by the name of English phosphorus.^ Other 
chemists, indeed, had attempted to produce it, but seemingly 
without success, § till in 1737 a stranger appeared in Paris, and 
offered to make phosphorus. The French Government granted 
him a reward for comnyinicating his process. Hellot, Dufay, 
Geoffrey, and Duhamel, sav^him execute it with success ; and 
Hellot published a very full account of it in the Memoirs of 
the French Academy for 1737.|| 

* This is KunkePs own account. See his Laboratorium Cbymicum, 
p. d60. See also Wiegleb’s Geschichte des Wachsthums und derErfindungen 
in der Chemie, vol. i. 

f Boyle’s Works abridged by Shaw, iii. 174. 

t See Hoffman’s experiments on it, publishad in' 1722, in his Observat. 
Phys. Chym. Select, p. 304. 

^ Stahl’s Fundament. Chym. ii. 58. 


H Mem. Par. 1737, p.^342. 
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It consisted in evaporating putrid urine to dryness, heating 
the inspissated residue to redness, washing it with water to 
extract the salts, drying it, and then raising it OTadually in 
stone-ware retorts to the ^eatest intensity of lifat. It was 
disgustingly t^ious, very expensive, and yielded but a smaU. 
quantity of produce. The celebrated Margraf, who informs 
us that he had devoted himself at a very* early period to the 
investigation of phosphorus, soon after published a much more 
expeditious and productive proces'^ ; for the first hint of which 
he was indebted to Henkel. It consisted in mixing a salt 
consisting chiefly of lead with the inspissated urine. He even 
found that urine contained a peculiar salt,* which yielded 
phosphorus when heated with charcoal.t 

In the year 1769, Galin discovered that phosphorus is con- 
tained in bones and Scheele, very soon after, invented a 
process for obtaining it from them. Phosphorus is now generally 
procured in that manner. The process described in the begin- 
ning of this section is that of Fourcroy and V^uqnelin. The 
usual process followed by manufacturers •f phosphorus is an 
improvement on that of Scliecle. 

Soon after the discovery of phosphorus, many experimelhts 
on it were made by Shire and Boyle. Hoffman published a 
dissertation on it, containing some curious facts, in 1722; but 
Margraf was the first who investigated its effects upon other 
bodies, and the nature of the combinations which it forms. 
The subject was resumed by Pelletier, and continued with 
much industry and succes#. Lavoisier’s experiments were still 
more important, and constitute indeed a memorable era in 
chemical science. 

Many important experiments on phosphorus have been made 
still more lately by Davy, and by Gay-Lussac and Thenand. 
Thenard§ and Vogel |1 have made researches on the red powder 
which remains when phosphorus is burnt, and upon the changes 
produced on it by the action of light. D’ulong^ and Berzelius** 
have examined its combinations with oxygen ; while Dumas-1- 1- 


• Known at that time by the name of fusible salt of urine, now called 
phosphate of ammonia. , 

t Miscel. Berolin, 1740, vi. 54; and Mem. Acad. Berlin, 1746, p. 84; 
and Margraf’s Opusc. i. 30. • 

t Bergman’s Notes on Scheffer, p. 208. I f)uote the edition of 1796. 

S Ann. de Chim. xxxvi. f09. |1 Ibid. xxxv. 225. 

H Ann. de Chim. et de Phys. ii. 141. Ibid. pp. 151, 218, and 329. 

tt Ibid. xxxi. 1 13. * 


Sect. VL 



234 


SIMPLE ACIDIFIABLE BASES. 


Chapt, IL 


rropertics. 


and Rose* have made important experiments on the gaseous 
compounds of phosphorus and hydrogen. 

1. Phosphorus is usually of a light amber colour and semi- 
< transparent! though wh^ carefully prepared it is nearly 

colourless and transparent.f Wlien kept some? time in water, 
it becomes opaque externally, and then has a great resemblance 
to white W£&. Its consistence is nearly that of wax. It may 
be cut with a knife, or twisted to pieces witli the fingers. It 
is insoluble in water. Its mban specifie gravity, as determined 
in my laboratory, is 1*748. 

2. It melts, according to Pelletier, when heated to 99°.J 
In my trials I found that a temperature of 108° was requisite 
to produce complete fusion. Care must be taken to keep 
phosphorus under water when melted ; for it is so combustible, 
that it cannot easily be melted in the open air without taking 
fire. When phosphorus is rtewly prepared, it is always 
dirty, Vieing mixed with a quantity of charcoal dust and other 
impurities. These impurities may be sepsu-ated by melting it 
under water, and than squeezing it through a piece of clean 
shamois leather. It may be formed into sticks, by putting it 
into a glass funnel with a long tube, stopped at the bottom 
with a cork, and plunging the whole under warm water. The 
phosphorus melts, and assumes the sluqie of the tube. When 
cold, it may be easily pushed out with a bit of wood. 

If air be excluded, phosphorus evaporates at 219°, and boils 
at 554°.§ M. Mitcliclrich finds that phosphorus may be dis- 
solved in tlie phosphuret of sulplufr which remains liquid at 
common temperatures. If the phosphorus be dissolved in this 
liquid by the assistanee of heat, it crystallizes as the solution 
cools, and forms large regular dodecahedrons without any 
modification. || 

3. Phosphorus is dissolved in a small proportion by alcohol, 
ether, and oils. The solutions are transparent. When the 
alcohol or ether is mixed with water, the phosphorus separates 

/> 

* Poggendorf’s Aimalen. der Physik. xiv. 183 ; and Ann. de Chim. et de 
Phys. xxxiv. 170. xxxv. 212. 

f^Thenard informs us that when melted and then suddenly cooled^ it 
becomes quite black. But again resumes its otiginal appearance when kept 
melted for a short time.^ Ann. de Chim. Ixxi. p. 109. There seems to 
have been something peculiar about the phosphorus which he employed. 
i Jour, de Phys. xxxv. 380. ^ 

§ Pelletier, Jour, de Phys. xxxv. 381. 
t) Ann. de Chim. et de Phys. xxiv. 270. 
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and burns on the surface of the liquid. When the oily solu- 8ect.vi. 
tion of phosphorus is poured upon paper and carried into a dark 
room, it shines vividly, provided the temperature be above 60®. 

But at lower temperature the ligh^is scarcely ^rceptible. 

When sticks of phosphorus are kept in water, that liquid is» 
slowly decomposed, an acid of phgsphorus being formed, land 
phosphuretted hydrogen gas evolved.* 

4. When used internally, it is poisonous.f In very small 
quantities (as one-fourth of a gAin), when very*minutely 
divided, it is said by Leroi to be very efficacious in restoring 
and establishing the force of young persons exhausted by sen- 
sual indulgence that is, I suppose, in exciting the venereal 
appetite. 

II. Phosphorus has the property of combining with oxygen ^"5! ox^en ’ 
and of forming various bodies which possess acid properties. 

Four of these have been distinguished by particular names, 
namely, 

1. Phosphoric acid, 

2. Phosphorous acid, 

3. Phosphatic acid, 

4. Hypophosphorous acid. 

1 . When phosphorus is exposed to the atmosphere, it emits 
a white smoke, which luis the smell of garlic, and is luminous 
in tlie dark. This smoke is more abundant tTie higher the 
temperature is, and is occasioned by the gradual combustion of 
the phos})horus, which at last disappears altogether. 

2. When a bit of phosplforus is put into a ghiss jar filled 
with oxygen gas, part of the phosphoVus is dissolved by the gas 
at the temperature of 60® ; but the phosphorus does not become 
luminous unless its temperature be raised to 80°.§ Hence we 
learn, that phosphorus burns at a lower temperature in common 
air than in oxygen gas. This slow combustion of phosphorus, 
at the common temperature of the atmosphere, renders it neces- 
sary to keep phosphorus in phials filled with water. The 
water should be previously boiled- to expel a little air, which 
that liquid usually contains. The phials should be kept in a 
dark place ; for when phosphorus is exposed to the light, it 
soon becomes of a white colour, which gradually changes tq a 
dark brown. 

3. When heated to 148®, phosphorus .t^es fire and bmrns 

* Philips, Annals of Philosophy (2d series), v. 470. 

t Ann. de Chim. xxvii. 87. f Nicholson’s Journal, iu. 85. 

§ Fourcroy and Vauquelin, Ann. de Chim. xxi. 196. 
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with a very bright flames and gives out a great quantity of white 
smoke, which is luminous in the dark; at tlie same time it 
emits an odour which has some resemblance to that of garlic. 
It leaves Xo residuum ; ^ut the white smoke, when collected, 
4iis found to be an acid. Stahl considered this 'acid as the muri- 
atic. According to him, phosphorus is composed of muriatic 
acid and phlogiston, and the combustion of it is merely tlie 
separation of phlogiston. He even declared that, to make 
phosphorus, notliing more is necessary than to combine muri- 
atic acid and phlogiston.* 

These assertions having gained implicit credit, the compo- 
sition and nature of phosphorus were considered as completely 
understood, till Margraf of Berlin published his experiments 
in the year 1740. He attempted to produce phosphorus by 
combining together phlogiston and muriatic acid : but all his 
attempts failed, and he was obliged to give up the combination 
as impracticable. On examining the acid produced during the 
combustion q£ phosphorus, he found that its properties were 
very different from those of muriatic acid. It was therefore a 
distinct substance.f The name of phosphoric acid was given 
to it ; and it was concluded that phosphorus is composed of this 
acid united to phlogiston. 

But it was observed by Margraf, that phosphoric acid is 
heavier than the phosphorus from which it W'as produced ; and 
Boyle had long before shown that phosphorus would not burn 
except when in contact with air. These facts were sufficient to 
prove the inaccuracy of the theory concerning the composition 
of phosphorus ; but they remaintd themselves unaccounted 
for, till Lavoisier published those celebrated experiments which 
threw so much light on the nature and composition of acids.J 

He exhausted a glass globe of air by means of an air-pump ; 
and after weighing it accurately, he filled it with oxygen gas, 
and introduced into it 100 grains of phosphorus. The globe 
was furnished with a sCop-cock, by which oxygen gas could be 
admitted at pleasure. He set fire to the phosphorus by means 
of a burning-glass. The combustion was extremely rapid, 
accompanied by a bright flame and much heat. Large quan- 
tities of white flakes attached themselves to the inner surface 
■ of the globe, and rendered it opaque ; and these at last became 
'SO abundant, that notwithstanding the constant supply of 

* Stahl’s Three Hundred Experiments. f Mai^raf’s Opusc. i. 56. 

* f xMem. Par. 1778 and 1780. 
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oxygen gas the phosphorus was extinguished. The globe, 
after being allowed to cool, was again weighed before it was 
opened. The quantity of oxygen employed during the expe- 
riment was ascertained, and the phosphorus, which sti|^ remained 
undianged, acciirately weighed. T^he white flakes, which^ 
were notliing else than pure phosphoric acid, were found exactly 
equal to the weights of the phosplTorus and*oxygeniwhich liad 
disappeared during the process. Phosplioric acid therefore 
must have been formed by the combination of these two bodies ; 
for the absolute weight of all the substances together was the 
same after the process as before it.* 

Lavoisier drew, as a conelusion, from his experiments, that 
phosphoric acid is composed of 100 phosphorus and 154 parts 
of oxygen. But his mode of experimenting was not sufficiently 
precise to merit confidence. 

1. The best way to obtiiin phosphoric acid is to decompose 
the calcined earth of bones by means of sulphuric acid. The 
acid liquor obtained by this process after being freed from sul- 
phuric acid, is phosi>horic acid united with a smdll quantity of 
lime. Saturate it witli ammonia, and the lime will all be pre- 
cipitated in the state of phosphate. Evaporate tlie liquid and 
set it aside. Numerous crystals of phosphate of ammonia are 
deposited. Dissolve these crystals in water; filter the soki- 
tion and crystallize a second time. Expose the* phosphate of 
ammonia cautiously to heat in a platinum or silver crucible. 

It soon melts, and swells, and froths, giving out water and 
iunmonia. Continue the hgat very cautiously till most of the 
water and ammonia is driven off, which is known by its ceas- 
ing to froth. Then raise the heat to redness. A transparent 
colourless liquid is thus obtained, which on cooling assumes 
the form of a transparent colourless glass. It is pure phos- 
phoric acid; the properties of which will be described in a 
subsequent part of this work. 

There cannot be the least doubt that, the atomic weight of comotuent*. 
phosphoric acid is 4*5, or at least a number approaching 
exceedingly near to it. 

From the analysis of phospliate of barytes, by Berzelius, it 
appears that it is composed of 

Phosphoric acid . . ^ 4*445 

Barytes . . « 9*5 


* Lavoisiei^l Chemistry, Part I. chap. v. 
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Chap. II. "While biphosphate of barytes was found by him to be a com- 
pomid of 

Phosphoric acid . . 8*7 

Barytes . • 2*5 

He found the constituent of sei^uisilicate of barytes 
Phosphoric acid . • 6‘1 

Barytes . . S'S* 

Now 9'5 represents an atom of barytes. It is obvious that by 
the first analysis the atom ef phosphoric acid is 4*445 ; by the 

second = 4*35, and the third §^ds of 6*1 = 4*03. Of these 

the first analysis is most to be depended on, and from it the 
weight of an atom of phosphoric acid is 4*445. 

From the analysis of phosphate of lead, by the same che- 
mist, we obtain 

Phosphoric acid . . 4.45 

Protoxide of lead . . 14* 

14 is the atomic weight of proto'xide of lead, and the atomic 
weight of phosphoric acid is 4*45. 

Berzelius found phosphate of soda composed of 
Phosphoric acid . . 4*57 

Soda . . 4* 

The mean of these results gives the, atomic weight of phos- 
phoric acid 4*49. I found by means of nitrate of lead mixed 
with neutral phosphate of soda, that the exact atomic weight 
of phosphoric acid is 4*.5.t 

IVrophospho* Mr. Clark observed that when phosphate of soda is exposed 
nc 8c«d. ^ nature of the acid is changed. He calls the 

new zx^A-pyrophosphoric acid. Common phosphoric acid throw’s 
down oxide of silver of a yellow colour, and the salt is not 
neutral. But pyrophosphoric acid throws down oxide of silver 
white, and the precipitate is neutral. Mr. Clark W’as good 
enough to give me a quantity of his pyrophosphate of soda. 
On examining it I waSySurprised to find that the atomic weight 
of pyrophosphoric acid was precisely the same as that of com- 


* Ann. de Chitn. et de Phys. ii. 153. 

f The number 3*5 which I gave in my First Principles, was derived from a 
phosphate of soda which 1 had in my possession, and which contained an 
acid of that atomic wei4nt,(probably phosphorous acid). I did not discover 
my error till my stock of phosphate of soda was exhausted. On getting a 
new portion of salt I found it to contain acid Whose weight was 4*5. 
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mon phosphoric acid or 4*5. This result has been lately con- 
firmed by the researches of Professor Stromeyer.* 

2. Phosphorous acid was first obtained in a state of purity Phyphorou« 
by Sir H. Davy. When phosphorus is made to j/ass through 
corrosive suhlimate\ a liquid*is obtained which was first disco- 
vered by Gay-Lussac and Thenard, and which Davy showed 
to be a protochloride of phospliorus. When this liquid is 
mixed with water it is decomposed and converted into muriatic 
acid and phosphorous acid. The tmuriatic acid is driven off by 
a moderate heat, and pure phosphorous acid remains behind, 
combined with some water.:j: 

Berzelius dissolved 2*211 parts of protochloride of phos- 
phorus in water, by which it is known, that the two constituents 
are converted respectively into muriatic acid and phosphorous 
acid by the decomposition of a portion of the water. He then 
threw down the muriatic acid by means of nitrate of silver. 

The fused chloride of silver weighed 6*915 parts.§ Now the 
chlorine in 6*915 of chloride of silver amounts to 1*705. 

This weight of chlorine to become muriatjp acTd, Will require 
0*0474 hydrogen. This hydrogen it obtained by the decom- 
position of water, and the oxygen of the wuter w'eighing 0*37192 
parts, must have united w’itli the phosphorus, and converted it 
into phosphorous acid. ^ But the pho!p})horus in the chloHde 
was 2*211 — 1*705 = 0*506. According to tliis experiment, composition, 
phosphorous acid is a compouyd of 

Phosphorus . . 506 or 109 

Oxygen • . . 379*2 74*940 

This is in the proportion of • 

Phosphorus . . 2 

Oxygen . . 1*5 

This is confirmed by Berzelius’s analysis of phosphate of lead 
and phosphate of barytes. The former consisted of 
Phosphorous acid . . 3*45 

Protoxide of lead . *. 14* 

Water . . . * . 0*567 

While thff latter contained 

Phosphorous acid . . 3*43 

Barytes . . . 9*5 

Water • . . . 1*193|1 

* Ann, de Chini. et de Phys. xliii. 364. 

f A substance which wilkbe described in a subsequent section, 
t Phil. Trans. 1812, p. 407. § Ann. de Chim. et de Phys, ii. 225* 

II Ann. de Chim. et de Phys. ii. 228. 



240 

Chap. n. 


Hypophos. 
phorous acid 


SIMPLE ACIDIFIAPLE BASES. 

The atom of phosphoroiis acid by the first analysis is 3*45 ; by 
the second 3*43. There seems no reason to doubt- that the 
true atomic weight is 3-5. Now from the analysis of Berze- 
lius, it app^rs that phosphorous acid is composed of 
Phosphords . . 2 „ 

Oxygen . . 1*5 

3-5 

If 2 represent an atom of phosphorus, then phosphorous acid 
must be a compound of 

1 atom phosphorus . . 2 

1| atom oxygen . . 1*5 


3.5 

Berzelius has shown that phosphoric acid contains the 
same quantity of phosphorus that exists in phosphorous acid. 
Hence since its atomic weight is 4*5, it must be a com- 
pound of 

1 ‘atom phosphorus . . 2 

2J atoms oxygen . . 2*5 


4-5 

3. Hypophosphorous acid was dLscovered in 1816 by Du- 
long.* Wliei» -phosphorus is united to’ lime or barytes it forms 
a well known compound called phosphuret of lime or of barytes, 
which will be described hereafter. When tliese compounds 
are thrown into water that liquid is .decomposed, two acids are 
formed by the combinatioij of the oxygen of the water with a 
portion of the phosphorus; while another portion of the phos- 
phorus unites to the hydrogen and flies off in the stsite of gas. 
The two acids are the phosphoric and hypophosphorous, both 
of which combine with the lime or barytes, forming phosjihate 
and hyp<y}hosphite of lime or barytes. The first of these salts is 
insoluble in water; but the second dissolves in that liquid. 
M. Dulong put a quantfty of phosphuret of barytes into water. 
After the evolution of phosphuretted hydrogen gas was at an 
end, he filtered the liquid. It then contained a quantity of 
hypophosphite of barytes in solution. Into this solution he 
dro]pt cautiously sulphuric acid as long, as any precipitate felL 
By this means he threw down the whole of the barytes without 
adding any excess of kilphuric acid. The clear liquid being 


* Ann. de Chim. et de Phys. ii. 141. 
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decanted off consisted of a solution of hypophosphorous acid in vi. 
water. 

M. Rose gives the following formula for preparing this acid, rormation ot 
which he considers as preferable to ti^t of Dulong.' A quan> 
tity of barytes i» put into wat#r together wdth some phosphorus,, 
and the mixture boiled. Phospbrnetted gas is given out, |md 
hypophosphite of barytes formed in the liquid. Wlien the 
process is terminated, the liquid is filtered and then mixed with 
an excess of sulphuric acid. The Sulphate of barytfes formed 
is separated by the filter, and the liquid is placed in contact 
with carbonate or oxide of lead. The sulphate of lead formed 
remains insoluble ; but the hypophosphite of lead is dissolved. 

The liquid is again filtered and exposed to the action of a cur- 
rent of sulphuretted hydrogen gas. The lead falls dowm in the 
state of sulphuret, and the hypophosphorous acid remains in the 
water in an insulated state. 

Dulong endeavoured to determine the composition of this oaiqiositiaB. 
acid by converting it into phosphoric acid by the action of 
chlorine. The quantity of phosphoric acijJ formed, and the 
piroportion of chlorine necessary to induce the change, gave 
him the data from which his conclusions were drawn. He 
obtained as a result that this acid is composed of 
Phosphorqs . . , 100 

Oxygen . * . 36*£P 

If we turn these numbers into atoms, we have 

1 atom phosphorus . . 2 

f atom oxygeu . . 0*75 


2-75 

or (to get rid of the |ths of an atom of oxygen) of 
2 atoms phosphorus . . 4 

atom oxygen . . 1*5 


5*5 

In the former case the atomic weight will be 2-75 ; in the lat- 
ter 5*5. As none of the hypophosphites has been subjected to 
analysis, we cannot determine which of these -numbers is the 
true one. 

But Dulong is uncertain whether hypophosphorous acid mhjr 
not also contain hydrogen. It is obvioMS that we would 
obtain the sante constituents, if we were to consider it as a 
compound of 1 atom phdliphoric acid and 1 atom phosphureth^ 
hydrogen. 

I. 


R 
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Chain II. 


Phosphorus. Oxygen. 

For phosphoric acid consists of 1 atom +2^ atoms 

Hydrogen. 

and phosphuretted hydrogen of 1 +1 atom. 

This would resolve itseH' into , ^ 

Phosphorus. Oxygen. 

• 1 atopi hypophosphorOlas acid, 2 atoms + atom 

Hydrogen . 

1 atom B'ater, « 1 atom + 1 atom. 

I consider this last view of the subject, which would remove 
the anamoly, as the most likely to he the true one. 

4. When phosphorus is exposed to the air arranged in the 
inside of a funnel with a capillary beak, it gradually absorbs 
oxygen and moisture from the atmosphere, and a liquid drops 
from the funnel, which may be collected in a proper vessel. It 
has an acid taste, and the smell of garlic; and was at first con- 
sidered as phosphorous acid. Dulong first showed that it was 
not phosphorous acid. He gave it the name of phonphatic acid- 
It has also Iteen called hypophosphoric acid. • Dulong deter- 
mined its constituents by ascertaining the quantity of chlorine 
n^ecessary for converting it into phosphoric acid. Thenard 
came to the same result by estimating the volume of oxygen 
gas absorbed, when phosphorus is converted into phosphatic 
acid. The constituents wore found lo be 
Phosphorus . . 2 

Oxygen *. . 2T66 

Now we obtain the same ratios, if we consider phosphatic acid 
not to be a peculiar acid^ but a mixture of 
2 atoms phosphoric acid 
1 atom phosphorous acid. 

The constituents of 

Phosphorus. Oxygen. 

2 atoms phosphoric acid, are 2 atoms + .5 atoms 
1 atom phosphorous acid, 1 + ^ ? 

Total . . 3 + 6*5, 

Now 

3 atoms phosphorus = 6 

. 6^ atoms oxygen , = 6*5 

and dividing these ^alues by 3, we get 

Phospljorus . . 2 

Oxygen . » 2*166 

Numbers representing the constitution of phosphatic acid. 
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Upon the whole then it seems established that the atomic 
weight of phosphorus is 2, and that it forms two acids with 
oxygen; namely, the phosphoric and phosphorous, the constitu- 
ents and atomic weights of which are^ follows : 

1. Phosphoric a<dd, 1 atom pRosphorus = 2 

2^ atoms oxyg^ = 2*5 

4*5 = atomic weight. 

2. Phosphorous acid of 1 atom phtfephorus =2 * 

atom oxygen =1*5 

3*5 = atomic 
weight. 

Hypophosphorous acid is probably a compound of 

Atomic .weight. 

1 atom phosphoric acid . . 4*5 

1 atom pliosphuretted hydrogen . . 2*125 

fi*625 

While phosphatic acid is a mixture of 
2 atoms phosphoric acid 
1 atom phosphorous acid. 

But it is proper to mention that M* H. Rose, by experi- 
ments which appear to be decisive, has shown titat the consti- 
tuents of hypophosphorous acid*are 

2 atoms phosphonis . . 4 

1 atom oxygeft . . 1 

5 

So that its atomic weight must be 5.* 

5. Though pure phosphorus does not take fire till it be 
heated to 148°, it is nevertheless true, that we meet with phos- 
phorus which burns at much lower temperatures. The heat 
of the hand often makes it burn vividly; nay, it sometimes 
takes fire when merely exposed to the atmosphere. In all these 
cases the phosphorus has undergone a change. It is believed 
at present, that this increase of combustibility is owing to a 
small quantity of oxygen with which the phosphorus has com- 
bined. Hence, in this state, it is distinguished by the name*of 
oxide of pJimphorus. When a little phospdiorus is exposed in 
a long narrow; glass tube to the heat of»*boiling water, it con- 

* Ann. de Chim. et de Phys. xxxv. 429. 
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tinues moderately luminous, and gradually rises up in the state 
of a white vapour, which lines the tube. This vapour is the 
oxide of phosphorus. This oxide has the appearance of fine 
white flakes, which cohfre together, and is more bulky than 
,the original phosphorus. When slightly hedted it takes fire, 
an<J burns brilliantly. Exposed to the air it attracts moisture 
with avid?ty, and Is converted into an acid liquor.* When a 
little phosphorus is thus oxidized in a small tin box by heating 
it, the oxide acquires the jfroperty of taking fire when exposed 
to the air. In this state it is often used to light candles under 
the name of pltosphoric matches ; the phosphorus being some- 
times mixed with a little oil, sometimes with sulphur. 

When phosphorus is long acted on by water, it is covered at 
last wdth a white crust, which is also considered as an oxide of 
phosphorus; but it differs considerably from the oxide just 
described. It is brittle, less fusible, and much less combustible 
than phosphorus itself. I Phosphorus, when newly prepared, 
usually contains some of this laSt oxide of phosphorus mixed 
with it ; but ft m^y be easily separated by plunging the mass 
into water heated to about 1 08°. The phosphorus melts, while 
the oxide remains unchanged, and swims upon the surface of 
the melted phosphorus. 

The red substance formed when p}iosphorus burns in a con- 
fined place, ^iid which remains behind after combustion in 
glass jars, is also considered as an oxide of phosphorus. All 
these bodies contain very little oxygen. 

Chlorides. HI. Phospliorus has the property of uniting in two propor- 
tions with chlorine, and of forming two compounds, which 
have received the names of sesquichloride and perchloride of 
phosphorus.:]; 

1. When phosphorus is introduced into chlorine gas it takes 
fire and burns with a pale bluish white flame, giving out but 
little light. A white matter sublimes and coats the inside of 
the glass vessel. If the quantity of phosphorus be considera- 
ble there is formed at the same time towards the end of the 
combustion a small quantity of liquid. The combustion of 
phosphorus in chlorine had been repeated a great number of 
times by almost every chemist ever since tlie discovery of 

* Steinecfaer, Ami. Chira. xlvii. 104. Ibid. 

Sir H. Davy has giver, to these bodies the names of phosphorane and 
phosphorana. But his nomenclature has not been adopted by chemists. 
See Phil. Trans. 1812, p. 412. 
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chlorine g^s. But nobody thought of examining the nature Sect.vi, 
of the products till Sir H. Davy advanced the theory that 
chlorine is a simple body. 

2. The sesquicMoride of phosphorus was first prepared in 
quantities, and Examined by tray-Lussac and Thenard.* But, 

Davy first ascertained its constituent parts.f It is easily ob- 
tained by passing phosphorus through corrosive suhliihate heated 
in a glass or porcelain tube. Tlie method is to take a glass 
tube shut at one end, to put into its* bottom a quantity of phos- 
phorus, and then to fill up a considerable part of the tube with 
corrosive sublimate. Heat the portion of the tube containing 
the sublimate ; then, by applying a few bits of red-hot charcoal 
to the extremity of the tube, cause the phosphorus to pass in 
vapour through the sublimate. A bent tube mxist be luted to 
the other extremity of the glass tube, which must pass into a 
proper receiver. A liquid collects in this receiver, which is 
the sesquichloride of phosphorus. 

This liquid is colourless fike water, smokes strongly when Propertie,. 
it comes into the atmosphere, and has an aaid and very caustic 
taste. Its specific gravity is T45.| It may be kept in close 
vessels without alteration. But in the open air it is speedily 
dissipated, leaving behind it a quantity of phosphorus. It has 
the property of dissolving phosphorus. • When paper is dipped 
into this solution and exposed to the air it speedily evaporates, 
leaving a quantity of phosphorus which soon takes fire and 
burns the paper. It was in this state that it was first obtained 
by Gay-Lussac and Thenard. When dropped into water it 
is converted into muriatic and phosphorous acids. This liquid 
by evaporation furnishes a thick fluid, which crystallizes on 
cooling and forms transparent parallelopipedons. These crys- 
tals are compounds of phosphorous acid and water. When 
tliey are distilled in close vessels they give out a gas which 
is a compound of hydrogen and phosphorus. Phosphoric acid 
remains behind in the retort. Fronv Davy’s experiments it 
follows, that these crystals are composed of 4 parts phosphorous 
acid and l*part of water.§ He endeavoured to ascertain the 
composition of sesquichloride of phosphorus by dissolving a consutuents. 
given quantity of it in water, and throwing down the muriatic 
acid formed by means of nitrate of silver. 13*6 grains of ses- 
quichloride treated in this way gave 43 ^ains of horn silver. I| 

* Recherches Ph^fsico-chimiques, ii. 08, 176. 

t Phil. Trans. 1812, p, 406. t Davy. Ibid. 

§ Davy. Ibid. p. 408. |) Ibui.p. 407. 
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ch^ II. Now 43 grains of horn silver contain 10*6 grains of chlorine. 
Hence the chloride is composed of 

Chlorine . . 4*5 

Phosphorus . . 1'26 

r Berzelius likewise has given us an analysis of this chloride 
of phosphorus, made precisely in the same way as Davy’s. He 
found its dompositibn to be as follows :* 

• Chlorine . . 4*5 

Phosphorus * . . 1 *335 

But he has since satisfied himself that the true constituents are 
Phosphorus . . 2 

Chlorine . . 6 7698 

Now this is obviously a compound of 

1 atom phosphorus . . 2 

atom chlorine . . 6*75 

8-75 

It is therefore a sesquichloride of phosphorus, and its 
atomic weight is 8f75. 

Fcrchioride. 3. The porchloi’ide of phosphorus may be formed by burn- 
ing phosphorus in dry chlorine gas, in the proportion of one 
grain of the former to about 12 cubic inches of the latter. It 
is a snow-white substance, exceedingly volatile, rising at a 
temperature below that of boiling water. Under pressure it 
may be fused, and then crystallizes in prisms that are trans- 
pment. When thrown into water it acts with great violence, 
the water is decomposed, and phosphoric acid and muriatic 
acid formed. It seems to possess acid properties, for its vapour 
reddens paper stained blue with litmus, and burns when 
lighted in the open air. When passed tlirough a red-hot 
tube with oxygen gas it is decomposed, phosphoric acid being 
formed and chlorine disengaged. From the experiments of 
Davy, to whom we are indebted for all the preceding facts, it 
follows that 2 grains of .phosphorus, when converted into per- 
chloride, combines with 13|^ grains of chlorine.f Hence we 
see that it is a compound of 1 atom phosphorus aiid 3 atoms 
chlorine. For 

1 atom phosphorus = 2 

3 atoms chlorine = 13*5 

,15-5 

Numbers which approach very nearly to those of Davy. 

Ann. de Chim. et de Phys. iL 225. t Phil* Trans. 1812, p. 406. 
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But there can be no doubt that the weight of chlorine as vi. 
stated by Davy is a little in excess. For when perchloride of 
phosphorus is mixed with water a double decomposition takes 
place, and the whole is converted ijito phosphoric acid and 
muriatic acid. • Now the pUbspliorus to become phosphoric 
acid must have combined with 2^, atoms of ‘oxygen, 2^ atomsi 
of hydrogen must have been disengaged aifd have farmed mu- 
riatic acid by combining with 2^ atoms of chlorine. The composition, 
perchloride of phosphorus then mitst be a compound of 
1 atom phosphorus . . 2 

2^ atoms chlorine . . 11*25 

13*25 

And its true atomic weight must be 13*25. 

IV . Balard has shown that bromine unites with phosphorus in Bromides, 
two proportions, forming a protobromide which is liquid, and 
a perbromide wliich is solid. 

When dry phosphorus is tlropt into bromine in a glass tube 
the action is very violent, heat and light l^ing*evOlved. An 
explosion sometimes takes place, and the whole contents are 
driven out of the tube. It is best therefore to make the mix- 
ture of these two bodies upon a small scale. Two compounds 
are formed ; namely, a solid body which sublimes and crystal- 
lizes in the upper part of tlie vessel, and a liqftid which occu- 
pies the under jiart of the ve^fsel. The former contains most 
bromine. For the liquid may by the addition of bromine be 
converted into the solid. • 

1. 'Ihe liquid, to wdiich Balard has given the name of pro- sesqui- 
tobromtde of phosphorus, does not lose its fluidity when cooled *'*’°“*“*‘" 
down to 10°*5. It very slightly reddens litmus paper, owing 
probably to the presence of a little water in the materials 
from wliich it wsis prepared. It is very volatile and emits 
pungent vapours, when left in an open vessel. It is capable 
of dissolving an excess of phosphorus. Hence, when dropt 
upon paper, and allowed to evaporate* it sets it on fire. When 
mixed with water, great heat is evolved, and hydrobromic acid 
formed; which may be obtained in the gaseous state, if only 
a few drops of water be mixed with protobromide. When the 
liquid is evaporated ter dryness, a slight combustion takes place, 
and phosphoric acid remains. From^this, it is probable that* 
by water protobromide of phosphorus’is converted into hydro- 
bromic acid and phospfiorous acid. If so the protobromide is a 
compound of 



248 

Chap. Il« 


("erbromlde. 


SIMPLE ACIDIFIABLE BASES. 


atom bromine 

15 

1 atom phosphorus 

2 


17 

and its atomic weight is 17. It would be 
phosphorus. For 

a sesquibromide of 

Bromina 

Phosphorus. 


2 atoms sesquibromide give 3 atoms + 2 atoms 


Hjdrogen. Oxygen. 

3 atoms water consist of 3 atoms + 3 atoms. 

The 3 atoms bromine uniting with the 3 atoms hydrogen, 
would form hydrobromic acid, while the 2 atoms phosphorus 
uniting with the three oxygen, would form phosphorous acid. 
Thus the protobromide would agree in composition with the 
protochloride of phosphorus. 

2. The solid bromide of phosphorus has a yellow coloiu*. 
When slightly heated it melts into a red liquid, which gives 
out vapours having the same colour. When these vapours 
' are condensed •the j crystallize in long needles. But when 
the fused bromide is allowed to cool it forms rhomboidal crys- 
tals, the angles of which have not been measured. 

The metals decompose this bromide, producing bromides 
and probably phosphure,ts. When left in an open vessel it 
exhales dense and pungent vapours. When mixed with water 
a double decomposition takes place, hydrobromic acid and 
phosphoric acid being formed. It is obvious from this that it 
is a compound of c 

2^ atoms bromine . . 25 

1 atom phosphorus . . 2 

27 

And that its atomic weight is 27. For 

Phosphorus. Bromine. 

2 atoms bromide contain 2 atoms 5 atoms 

i 

Oxygen. Hydrogen. 

5 atoms water contain 5 atoms + 5 atoms. 

The 5 bromine uniting with the 5 hydrogen form hydrobromic 
acid; while the 2 phosphorus and 5 oxygen form phos- 
phoric acid.* 

. Thus the constitution of the oxides, chlorides and bromides 
of phosphorus, is the sabie. 


* Balard ; Ann. de Chim. et de Phys. xxxii. 373. 
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The bromides of phosphorus are decomposed by chlorine ; 
but not by iodine. Indeed, the iodides of phosphorus are 
decomposed by bromine. So that the order of the affinities 
of the supporters for phosphorus is 

PhospJwrus, 

Oxygen, 

Chlorine, 

Bromine, 

Iodine.* 

V. Iodine and phosphorus combine together when mixed, lodwes. 
with the evolution of much heat; but no light, and the com- 
pound always enters into a state of fusion. As the iodides 
formed have the property of dissolving both iodine and phos- 
phorus, it is not easy to determine the proportions of the con- 
stituents. But two compounds are easily distinguished by their 
different characters. 

1. When 2 parts, by weight of phosphorus are brought in sesquiodWe. 
contact with 24 parts of io(fine in a glass tube, they unite 
with great rapidity, and the product is a rwldisti birown solid 
body which melts when heated to the temperature of about 
84°. Water decomposes this compound and converts it into 
hydriodic acid and phosphorous acid. It must therefore have 
been a compound of . 

1|- atom iodine . . 2^’625 

1 atom phosphorus • . . 2 . 

25-625 

And its atomic weight must be 25-625. 

2. When 2 parts by weight of phosphorus are mixed with Pertodiiie. 
40 parts of iodine, the combination takes place witli equal vio- 
lence ; but the iodide is black, and does not melt till heated to 

1 15°. When dissolved in water, it is decomposed and con- 
verted into hydriodic acid and phosphoric acid. Hence its 
constituents must be 

2| atoms iodine, . . 39-375 

4 atom phosphorus, . . 2 

41-375 ' 

And its atomic weight must be 41-375. 

3. We may also form a compound of phosphorus and iodine Fr4iodid6 

in the proportidn of • 

* This is conformable to the table in page 49 of this volume. 
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Phosphuret- 
ted hydrogen 


1 atom of phosphorus . . 2 

1 atom iodine . . . 15*75 


17*75 

cThe colour of this compound is ' orange, and It does not melt 
till, heated to 212“. It may be sublimed unaltered, and when 
dissolved in water is decomposed into hydriodie and phosphor- 
ous acids, a little red coloured phosphorus being left behind. 

The peculiar properties of this substance render it probable 
though it has not been analyzed, that it is a compound of 1 
atom iodine, and 1 atom phosphorus. "We are still ignorant of 
the analogous oxide, chloride and bromide of phosphorus ; but 
they will doubtless be discovered hereafter. 

VI. F rom the experiments of Davy, there seems little doubt 
that phosphorus may be combined with fluorine. His method 
was to mix fluate of mercurj^, or fluate of lead’* with mercury, 
and to distil the mixture in a vessel of j>latinum. There was 
formed a metallic phosphuret while the fluoride of phosphorus 
was volatilized. It is a fuming liquid, capable of taking fire 
and burning in oxygen gas. \Vhen mixed M’ith water it is 
decompose(l and converted into hydrofluoric acid and j)hos- 
phorous acid. Hence it must have been a coin])ound of 
It atom fluorine . . 3*375 

1 atom phosphorus . . 2 


.5*375 

And its atomic weight must be 5-^375. It is therefore a ses- 
quifluoride, and quite aiTalogous to the similar comjiounds of 
j)hosphorus MUth oxygen, chlorine, bromine, and iodine. 

VH. Phosphorus combines with hydrogen in various pro- 
portions ; two of which, distinguished by the names of phos- 
phuretted hydrogen and hydrophosphoric gas, have been par- 
ticularly examined. 

1. Phosphuretted hydrogen gas, the first of these compounds, 
was discovered in 1783 by M. Gengembre, while heating a 
mixture of liquid potash and phosphorus in a shiall retort. 
He made some experiments on this remarkable gas, and pub- 
lished an account of its properties. t Some experiments were 
made upon it in 1786 by Mr. Kirwan,| who discovered it 

* There is little doubt Ifcat these salts are in reality fluorides of mercuru 
and lead. ^ 

f Memoires des Savans Etrangers, x. C5 1 . 

, t Phil. Trans. 1786, p. 1 18. 
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witliout being aware that it had been already made known to Al- 
chemists by M. Gengembre. In 1791, M. Raymond pointed 
out a method of preparing it in greater quantities by heating 
a mixture of phosphorus and^ quicklime.* And, in 1799, he 
described the properties of a solution of this gas in water.|# 

Mr. Dalton, in his New System of» Chemical Philosophy, jjub- 
lished in 1810, gives an account of a set*-of experiments to 
which lie subjected it in order to determine its nature and 
composition.^ And, in 1816, I publislied a set of experi- 
ments which I had made on it.§ In 1826 an elaborate and 
excellent paper was published on it by Dvunas. || And about 
the same time it was examined with much skill and address by 
M. H. Rose.^ 

2. Phos])huretted hytlrogen may be obtained by the follow- ' 

ing process : Fill a small retort with water, acidulated by 
muriatic acid, and then throw into it a qumitity of phosphuret 
of lime in lum])s. Plunge the beak of the retort under water, 
and place over it an inverted jar filled with that ^iquid. Phos- 
phuretted hydrogen gas is extricated in comiderable quantity 
and soon fills the glass jar. Half an ounce of phospliuret of 
lime yields about 70 cubic inches of this gas. When prepared 
by mixing phosphuret of lime with water, which was the pro- 
cess that 1 followed, Dumas has shown that it is a mixture of 
phospliuretted hydrogen and pure hydrogen gases> in the pro- 
portion of about 87 volumes of phospliuretted hydrogen, and 
13 volumes of pure hydrogen gases. When phosjiliuretted 
liydrogen gas is obtained by boiling phosphorus in a solution 
of caustic potash, Dumas found the ^gas evolved to be a mix- 
ture of 

Volumes. 

37*5 phospliuretted hydrogen 

62-5 hydrogen gas 


100-0 

When prepared by mixing phosphuret of barytes and water, 
the gas evedved was a mixture of 

Volumes. 

56*8 phospliuretted hydrogen 
43*2 hydrogen gas 


* Ann. de Chim. x. 19. f Ibirf. xxxv. 2*25. 

t Vol. II. p. 457. § Annals of Philosophy, viii. 87. 

II Ann. de Chim. et de Phys. xxxi. 1 13. 

H Ibid, xxxiv, 170, and xxxv. 212. 
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When a mixture of phosphorus and milk of lime was employed, 
the gas evolved was exceedingly various in its proportions. 
At first it was a mixture of 

Volumes. ^ 

66 phosphuretted hydrogen 
34 hydrogen gas 

100 

But the proportion of hydrogen increased as the process went 
on, and at last it was a mixture of 

Volume.*. 

14 phosphuretted hydrogen 
86 hydrogen gas 

100 

The purity of the gas is easily determined by means of a sat- 
urated solution of sulphate of copper, which absorbs the phos- 
phuretted hydrogen, and leaves the hydrogen gas, or azotic 
gas (should any b& present), untouched. 

3. Phosphuretted hydrogen gas is colourless, and possesses 
the mechanical properties of air. It has a smell similar to 
that of onions, and an exceedingly bitter taste. It may be 
kept in pure •^'ater without alteration ; but in water containing 
common air it soon loses a portion of its phosphorus, and its 
properties are altered in consec(lience. Its specific gravity, as 
determined by Dumas, is 1*761.* We shall see immediately 
that the true specific gravity is Dumas has shown 

that when this is heated along with corrosive sublimate, it 
is completely decomposed, and a quantity of muriatic acid gas 
formed, amounting to three times the volume of the phosphu- 
retted hydrogen gas decomposed. Now muriatic acid contains 
half its volume of hydrogen gas. From this it is evident that 
a volume of phosphuretted hydrogen gas contains Ig volume 
of hydrogen gas. The" rest is phosphorus. And the quantity 
of phosphorus present in the gas may be determined by sub- 
tracting the weight of 1| volume hydrogen gas from the spe- 
cific gravity of phosphuretted hydrogen gas. 

' . 

* Ann, de Chim. et d'* Phys. xxxi. 149, 

f I found its specific gr^lyity in one experiment, 0*9022 ; and in another, 
0'904 ; but 1 was not aware that the gas which 1 examined contained a 
mixture of 13 per cent, of hydrogen gas. This mixture, to which 1 did not 
advert, vitiates all my results. 
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Sp. g^. of phosph. hydr. . . 1*761 

- - hydrogen gas • • 0*10416 

1*65684 

From this it appears that ^osphuretted hydrogen is com-, 

posed of , 

Hydrogen . . K)416 

Phosphorus . . 165684 

Now these numbers are to each other as 0*125 to P988. It 
is obvious from this that phosphuretted hydrogen is a com- 
pound of 

1 atom hydrogen . . 0*125 

1 atom phosphorus . . 2* 


2*125 

And that its atomic weight is 2*125. The reason why the 
quantity of phosphorus is a little under an ^tom is obviously 
that Dumas has slightly underrated the specific gravity of the 
gas. Had the specific gravity of the gas bijen 1l*7708^ then 
the constituent would have been exactly 1 atom of hydrogen 
and 1 atom of phosphorus. The constituents in that case 
would be 

Phosphorus . . 16p666 or 2* 

Hydrogen . . 10416 or 0*125 

I found that when sulpliur waa heated in this gas the bulk was 
not altered, though the gas was converted into sulphuretted 
hydrogen. But Dumas Ims accounted for this, by showing 
that when the proportion of sulphur Employed is great, a por- 
tion of the gas is absorbed by the sulphur, which prevents the 
increase of volume from being observed. As I employed a 
great excess of sulphur this doubtless was the cause why I did 
not observe any increase of volume. I repeated the experi- 
ments more lately with the very same result ; but I employed 
a still greater proportion of sulphur w^h a view of being cer- 
tain that all the phosphuretted hydrogen should be converted 
into sulphuretted hydrogen. Thus the method taken to ensure 
success was the cause of my not observing the increase of 
volume which would otherwise have taken place.* 

When phosphuretted hydrogen comes in contact with cdm^ 

* I found that electric sparks caused a deposition of phosphorus without 
any alteration in the volume of the gas. Doulitless I had merely changed 
the gas into sesquihydret of phosphorus, in which case the volume would 
not have been altered. , 


Sect VL 
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ch«p. II. mon air, it takes fire and burns with gjeat splendour. Yet in 
a narrow tube it may be mixed with oxygen gas without 
undergoing spontaneous combustion. But it is deprived of its 
phosphorus without undergoing any alteration in its bulk. 

^For complete combustion, accdrding to the> experiments of 
Dumas, 1 volume of this gas requires 1*874 volumes of oxygen 
gas. Tilt produce is water and phosphorous acid. Now as 1 
volume of the gas contains volume of hydrogen gas, it is 
clear that 0*75 volume of oxygen will go to the formation of 
water. Hence the volume of oxygen gas which combines with 
the phosphorus must be 1*125. Now 1*125 volume of oxygen 
is equivalent to 2^- atoms which have united with the phos- 
phorus in a volume of phosphuretted hydrogen, and converted 
it into phosphorous acid. But phosphorous acid being a com- 
pound of 1 atom phosphorus + 1 ^ atom oxygen, it is obvious 
that 2^ atoms of oxygen will convert atoms of phosphorus 
into phosphorous acid. Such therefore must be the quantity 
of phosphorus in a volume of this gas. 

It is a liiw' chat holds pretty generally, that if we multiply 
the atomic weight of a body by 0*5555, the produc*t will be 
the specific gravity of the body in the state of vajiour. 2, the 
atomic weight of phosphorus multiplied by 0*55.55 giv*es 1*1111, 
which must be the specific gravity of phosphorus in the state 
of vapour. But the weight of the phosphorus in a volume of 
the gas is 1*6666. Now this k equivalent to a volume and a 
half of phosphorus. Thus it appears that phosphuretted hydro- 
gen gas is a compound of « 

Constitution. 1-^ volumc phosphoruS'j 7 mfited together and condensed into 
1^ volume hydrogen, j 1 volume. 

It is in fact then a compound of 

1^ atom phosphorus . , 3 

1^ atom hydrogen . . 0*375 

3*375 

And its true atomic wmght, instead of 2*125, is 3*1875. It 
approaches therefore olefiant gas in its nature, and probably 
various other combinations of phosphorus and hydrogen in the 
same ratio, but containing a greater number of atoms united, 
win be discovered, as has been the ease with compounds of 
carbon and hydrogeai in the ratio of equality. 

It is obvious that iVolume of phosphuretted hydrogen will 
burn also with 2*625 volumes of oxygen gas, and be converted 
into water and phosphoric acid. 0.75 of the oxygen in this 
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case also go to the formation of water. Hence 1*875 volumes 
of the oxygen united to the phosphorus, and converted it into 
phosphoric acid. Now 1*875 volumes of oxygen gas is equiva- 
lent to 3*75 atoms, which is just the quantity that would be 
requisite to conAiert 1^ atom phosphorus into phosphoric acid. 

Phosphuretted hydrogen gas may be detonated also with 
protoxide and deutoxide of azote. The’ preportions of these 
gases requisite for complete combustion, as determined by me, 
would require to be modified, as I did not take interview the 
proportions of hydrogen gas with which the phosphuretted 
hydrogen was mixed. When deutoxide of azote and phos- 
phuretted hydrogen gas are mixed over water, and a bubble of 
oxygen gas is let up, a detonation immediately takes place. 

When phosphuretted hydrogen gas is mixed with chlorine 
gas, it burns with a greenish yellow flame ; and when the two 
gases are mixed in the proportion of 1 volume of the former 
to 3 of the latter, they disajipear entirely, being converted into 
muriatic acid, and a brown matter which speedily dissolves in 
U'ater, and which is doubtless a bichloride o^ ph^phorus. 

When iodine is heated in jdiosphuretted hydrogen gas, 
iodide of phos})horus is formed, and probably hydriodic acid; 
for when water is present the bulk of the gas diminishes one- 
third. 

Water, according to the experiments of Dr. H(?nry, dissolves 
rather more than 2 jier cent, of thist^as. The water acquires 
a yellow colour, an intensely bitter taste, and a smell similar 
to that of the gas. It produces no alteration on vegetable 
blues, but precipitates silver, mercury, and copper, from their 
solutions of a dark colour. 

Bromine probably is capable of decomposing this gas without 
the aid of heat. But iodine produces no alteration on it unless 
heat be applied. It unites readily with hydriodic acid, and 
forms a solid white substance which crystallizes in cubes, and is 
easily decomposed by water. According to Dumas this com- 
pound consists of 1 volume of hydriodic acid and half a volume 
of phosphusetted hydrogen united together. Doubling tliese 
volumes, we have a compound consisting of 

1^ atom phosphorus . . 3 

2 atoms iodine . . 31*5 

3^ atoms hydrogen . . • 0*4375 

• —————— 

34*9375 

So that its atomic weight is 34*9375. This is a very singular 
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compound, when we attend to its atomic structure. But the 
best way is to view it as a compound of 

1 atom hydriodic acid . 15*875 

I atom phosphuretted hydrogen . 1*59375 

<■- c 

17*46875 

For unless we consider these compound bodies to unite pre- 
cisely as simple substances, our views will become too com- 
plicated for any purpose of utility. 

This gas when kept very soon deposites one-third of its 
phosphorus, and is converted into the hydro-phosphoric gas of 
Davy, or the sesquihydret of phosphorus, as it ought to be called. 

2. Hydro-phosphoric gas, or sesquihydret of phosphorus, was 
first particularly examined by Sir H. Davy in 1812.* 

He obtained it by heating crystallized phosphoric acid. It 
may be procured, also, by exposing phosphuretted hydrogen 
to the direct rays of the sun. A quantity of phosphorus is 
deposited, and the gas is changed into sesquihydret of phos- 
phorus. " 

This gas is colourless, and possesses the mechanical properties 
of common air. Its smell is similar to that of phosphjiretted 
hydrogen, but not so disagreeable. It may be mixed with 
common air or oxygen gas without burning spontaneously; 
but M. Houtun Labillardiere discovered that combustion takes 
place if the pressure be dimkiislved. His method of proceeding 
was this, he mixed the gas with oxygen gas or common air in 
a Volta’s eudiometer overmercury,, then raising the eudiometer 
till the surface of the mercury within it was about 8 inches 
higher than the surface of the mercury in the trough, detona- 
tion took place provided the temperature was as high as 68°. If 
the temperature be lower the gas must be still more rarefied 
before combustion will take place. 

The refractive power of this gas, as determined by Dulong, 
is 2*68*2, that of air being l.f 

When corrosive sublimate is heated in this gas decomposi- 
tion takes place, and a quantity of muriatic acid .is evolved, 
equal, as determined by Dumas, to thrice the volume of the 
sesquihydret decomposed. From this it is obvious that 1 
vollime of sesquihydret of phosphorus contains a volume and a 
half of hydrogen, o 

For complete combustion a volume of this requires 

* Phil. Trans. 1812, p. 406. f Ann. de Chim. et de Phys. xxxi. 167. 
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either volume or 2 volumes of oxygen gas. In the first 
case water and phosphorous acid, in the other water and 
phosphoric acid are formed. Now 1^ volume of hydrogen gas 
combine with 0'75 volume of oxygen#to form water. There 
remain to combine with the pliosphorus 0-75 volume or 1*25 • 
volume of oxygen. But 0*75 voliyne of oxygen is equal# to 
atom, while 1-25 volume represents 2^ dtoms. Now these 
are the quantities requisite for converting 1 atom of phosphorus 
into phosphorous or phosphoric acid respectively. We have 
seen already that 1 atom of pliosphorus may be represented by 
a volume ; and that the specific gravity of phosphorus vapour 
is ITlli. It is obvious from all this that a volume of sesqui^ 
hydret of phosphorus is composed of 

1^ volume hydrogen . . 0T0416 

1 volume phosphorus . . 1 T 1 1 1 1 

1-21527 

Hence the true specific gravity of this gas must 4)e •1*21527. 

Now Dumas took the specific gravity with'^much care, and 
found it 1*214,* which differs from the theoretical number by 
less than tq part. I^eaving no doubt about the accuracy 
of our determination. Tlie difference between phosphuretted 
hydrogen and sesquiliydret of phospi^rus* is that tl#e latter con- 
tains half a volume of phosphorus less than the former. Tliis 
half volume is deposited when tlie former gas is left standing 
over mercury or w^ater. It seems tii^refore to be only very 
loosely united to the otlier constituents. 

It is obvious that sesquiliydret of phosphorus is a com- Composition, 
pound of 

1^ atom hydrogen . . 0*1875 

1 atom phosphorus . . 2* 


‘ 2*1875 

Its atomic weight is therefore 2*1875. •This constitution is 
implied by the name sesquiliydret of phosphorus* 

When mixed with chlorine gas it burns spontaneously with 
a white flame. According to Davy, 1 volume of sesquiliydret 
of phosphorus requires 4 volumes ^ chlorine gas for complete 
combustion. 1*5 of these i^olumes uniting to the hydrogen go to 
the formation of muriatic acid. The other 2;5 must combine with 
the phosphorus, £md form a perchloride of phosphorus which 

* Annl^e Chim. et de Phys. xxxi. 1 28 . 

I- s 
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would be speedily converted into muriatic acid and phosphoric 
acid, by decomposing water. So that the products, in this 
case, are precisely the same as when phosphuretted hydrogen 
is burnt in chlorine. 

According to Davy, water aBsorbs ^th of its volume of this 
gap. So that the absorbal^lity of this gas and olefiant gas, by 
water, is\he same. 

It is rapidly absorbed by sulphuric acid to a considerable 
extent ; *sulphuroTis acid is speedily given out and phosphorus 
deposited. Most of the metals decompose this gas when 
assisted by heat, uniting to the phosphorus, and setting the 
hydrogen at liberty.* 

VIII. No compound of phosphorus and azote has hitherto 

been formed. When phosphorus is allowed to remain in com- 
mon air till it ceases to smoke, the azotic gas thus evolved has 
the property of becoming luminous in the dark, when mixed 
with oxygen gas or common air. And Berthollet affirms that 
its volume ^ increased about part. But this is not a 

'chemical compmmd of azote and phosphorus. It is merely 
azotic gas in which a little phosphorus exists in the state of 
vapour. 

IX. Phosphorus has the property likewise of uniting with 
carbon, and of forming a compound, called phosphuret of carbon. 
Its existence was first recbgnised by M. Proust. He gave that 
name to the red substance which remains when new-made 
charcoal is strained through shamois leather. f It is not impro- 
bable that this red substaihce may frequently contain phosphuret 
of carbon, especially aS the same assertion has been subse- 
quently made by Thenard.^: But I have never been able to 

* Davy assures us that when sulphur is sublimed in this gas the volume 
is doubled, and 2 volumes of sulphuretted hydrogen gas are formed. When 
potassium is heated in it, the volume is also doubled. The potassium com- 
bines with phosphorus, and the residual gas is pure hydrogen. These pro- 
perties do not agree with those of the gas extricated by heating phosphatic 
acid, or by allowing phosphuretted hydrogen to lose a portion of its phos- 
phorus by exposure. They would indicate a gas composed of 
2 volumes hydrogen . . 0*1388 

1 volume phosphorus . . 1*1 111 

t I 

1-25 

Its specific gravity wouU be 1*25^ and its atomic weight 2*25. It is not at 
all unlikely that such a gas may also exist. It would be a bihydret of 
phosphorus. 

f Ann. de Chiin. xxxiv. 44. 


t Ibid. Ixxxi. 109. 
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find any such substance in it.* The experiments of Vogel s«ct-vn. 
appear to have been equally unsuccessfuLf But I have gene- 
rally procured it by tlie following method. 

Allow phosphuret of lime to remain in water till it has given 
out all the phosphuretted hydrogen gas which it is capable of 
evolving. Then add to the liqiud a considerable excesg of 
muriatic acid, agitate for a few moments, aftid thro\^ the whole 
upon a filter. Phosphuret of carbon will remain upon the 
filter. Let it be properly washed and dried. 

Phosphuret of carbon thus obtained is a soft powder of a 
dirty lemon yellow colour, without eitlier taste or smell. When 
left in the open air it very slowly imbibes moisture, emits the 
smell of carburetted hydrogen, and acquires an acid taste. 

Hence it decomposes the water which it absorbs, and its phos- 
phorus is slowly converted into phosphorous acid. It does not 
melt when heated ; nor is it altered, though kept in a tempera- 
ture higher than that of boiling water. It burns below a red 
heat, and when heated to redfless, gradually gives out its phos- 
phorus. The charcoal remains behind in tlw state of a black 
matter, being prevented from burning by a coating of phos- 
phoric acid with whicli it is covered. When the powder is thrown 
over the fire in small quantities at a time, it burns in beautiful 
flashes. It is probably composed of 1 atom pho^horus, and 1 
atom carbon, or by weight of 

Phosphorus #. . 2 

Carbon . . 0*75 

The substance when distilled gives no trace of water. J 
X. Nothing is known respecting the combination of phos- 
phorus with boron or silicon. 

SECTION VII. OE SULPHUR. 

Sulphur, distinguished also by the name of brimstone, was 
known in the earliest ages. Considerable quantities of it are 
found native, especially in the neighbourhood of volcanoes, 
and it is procured in abundance by subjecting the mineral 
called pyrites to distillation. The ancients used it in medicine, 
and its fumes were employed in bleaching wool.§ 

1 . Sulphur is a hard brittle substance, commonly of a gfreenish Properties. 

• 

* Twice indeed on distilling this substance I obtained a residue of char- 
coal. But 1 never could succeed in obtuning th{f phosphuret in a separate 
state. 

+ Ann. de Chim. Ixxxv. 225. t Annals of Philosophy, viii. 157, 

§ Pliny, lib. xxxv. t 5 . 15. 
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ceptible taste. 

It is a non-conductor of electricity, and of course becomes 
electric by friction. Its specific gravity I found in a specimen of 
yure roll sulphur to be 1*977; while that of another specimen 
was 2*000. Brisson found tJie specific gravity of native sulphur 
2*0332 ; while Ro^et and Dumas found it as high as 2*086.* 

Sulphur undergoes no change by being allowed to remain 
exposed fb the open air. Wlien thrown into water, it does 
not melt as common salt does, but falls to the bottom, and 
remains there unchanged : it is therefore insoluble in water. 

2. If a considerable jiiece of sulphur be exposed to a sudden 
though gentle heat, by holding it in the hand, for instance, it 
breaks to pieces with a crackling noise. 

When sulphur is heated to the temperature of about 170°, 
it rises up in the form of a fine powder, which may be easily 
collected in a proper vessel. This powder is called flowers of 
sulphur.\ 

When heated is> the temperature of about 218° of Faliren- 
heit’s thermometer, it melts and becomes as liquid as water. 
If this experiment be made in a thin glass vessel, of an egg 
shape, and having a narrow mouth, J the vessel may be placed 
upon burning^ coals wkhout much risk of breaking it. The 
strong heat soon causes the sulphur to boil, and converts it 
into a brown coloured vapour, which fills the vessel, and issues 
with considerable force out from its mouth. 

Eflfectofheat M. Dumas fixes the inelting point of sulphur at 226°*5, 
which I consider as too high. Between the melting point and 
252°, it is as liquid as a varnish, and its colour is that of amber. 
About the temperature of 340° it begins to get thick and 
assumes a reddish tinge, and if we continue to increase the 
temperature it becomes so thick that the vessel containing it 
may be turned upside down without the risk of spilling any of 
it. Between the temperature of 428° and that of 482° it is 
thickest of all, and its colour is reddish brown. From 482° to 
its boiling point, which is not far from 750°, it becomes thinner, 
but never so thin as it was when below the temperature of 
248°, and its reddish brown colour does not alter. If it be 
. • 

* Annals of PhilosoJihj (2d series), iii. 392. 

-t* It is only in this state that sulphur is to be found in cotrimerce 
tolerably piure. Eo/l sulphur usually contains a considerable portion of 
foreign bodies. 

^ Such vessels are usually called receivers or flasks by chemists. 
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suddenly cooled while in the most liquid state, as by tlirowing s*®*- vii. 
it into water, it becomes instantly brittle j but i^ it was so hot ‘ 

as to be viscid, and be suddenly cooled, it remains quite soft ; 
so that it may be drawn into threads. In the first case it 
crystallizes, in the second cj&e it does not.* This state oft 
softness is probably connected wit^i the viscidity ; which wj;ien 
the cold is suddenly applied, prevents thb possibility of the 
particles arranging themselves in regular order. 

3. Sulphur is capable of crystallizing. If it be m^ted, and, 
as soon as its surface begins to congeal, the liquid sulphur 
beneath be poured out, the internal cavity will exhibit long 
needle-shaped crystals of an octahedral figure. This method 
of crystallizing sulphur was contrived by Rouelle. If the 
experiment be made in a glass vessel, or[ upon a flat plate of 
iron, the crystals will be perceived beginning to shoot when 
the temperature sinks to 220°. Sulphur is frequently found 
native in fine large crystals. The primary form of the crystals 
is an octahedron, with scalend triangular faces. It consists of 
two pyramids joined together, base to bas». *These bases 
constitute a rhomboid, the longer diagonel of which is to the 
shorter as 5 to 4. 

The perpendicular drawn from the centre of this rhomboid 
to the edge is to the height of the pyramid as 1 to 3.f Mitch- 
erlich has shown that the form of the crystal is different when 
sulphur crystallizes in a state of •fusion by heat. The primary 
form is then a doubly oblique four-sided prism, j; 

4. Alcohol dissolves a small porti&n of sulphur. So does 

sulphuric ether and oils. * 

II. Sulphur combines in five proportions with oxygen, and ^“yj'oxygen 
forms five compounds, which have received the names of sui- 
phuric acid^ sulphurous acidy hyposudphurous acid^ suhsulphur- 
ous acid, and hyposulphuric acid. 

1. When sulphur is heated to the temperature of about 
300° in the open air, it takes fire spqiitaneously, and burns 
with a pale blue flame, and at tlie same time emits a great 
quantity of fumes of a very strong suffocating odour. When 
set on fire, and then plunged into a jar full of oxygen gas, it 
burns with a bright violet coloured fljune, and at the same time 
emits a vast quantity of ftunes. If the heat be continued long 

• 

* Dumas ; Ann. de Chim. et de Phys. xxxvi. 8?:{. 
f Haiiy^s Mineralogie, iii. 278. t See page 16 of this volume 
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enough, the sulphur burns all away without leaving any 
ashes or residuum. If the fumes be collected, they are found 
to consist of sulphurous acid. By combustion, then, sulphur 
is converted into acid. oThis fact was known several centuries 
•ago; but no intelligible explanafeon was given*bf it till the time 
of rStahl. 

According to him, sulphur is a compound of sulphuric acid 
and phlo|pston. By combustion the phlc^iston is driven off, 
and tlie acid remains behind. The experiments by which he 
endeavoured to establish these opinions were long considered 
as satisfactory. But it was observed that sulphur will not 
burn imless air be present, and that sulphuric acid is heavier 
than the sulphur from which it was produced. These facts 
were incompatible with the hypothesis of Stahl. Lavoisier 
first explained them by showing that, during combustion, 
sulphur unites with the oxygen of the air, and that the acid 
formed is exactly equal to the weight of the sulphur and oxy- 
gen whicji disappeared. Hence he concluded that the acid 
formed is a compound of these two bodies — an opinion which 
is now universally acceded to. 

2. Sulphurous acid is formed, when sulphur is burnt, either 
in the open air, or in oxygen gas. But the best way to pro- 
cure it in qqantities, is to heat a mixture of su]j)huric acid and 
mercury in a small retort, and receive the gaseous product over 
mercury. This gas is sulphurous acid. 

This acid was first examined by Stahl, who gave it the name 
of pMogisticated sulphuric acid, Scheele in 1774 pointed out a 
method of procuring it in quantities.* Dr. Priestley, about 
the same time, obtained it in the gaseous form, and ascertained 
many of its properties.f Berthollet examined it in 1782 and 
1789.:j; Fourcroy and Vauquelin published a detailed set of 
experiments on it in 1797.§ Some experiments on it by me 
were published in 1803.|1 

Sulphurous acid gac is colourless, and possesses the mechani- 
cal properties of common air. Its smell is exceedingly sulfo- 
cating and disagreeable, being precisely similar to the smell of 
burning sulphur. Its taste is intensely acid and sulphureous. 
It converts vegetable blues to red, and then gradually destroys 

t 

♦ Scheele’s Memoire^de Chymie, i. 43. f Priestley on Air, ii, 295. 

^ Mem. Par. 1782. and Ann. de Chini. ii. 54. 

§ Ann. dc Chim. xxiv. 229. tl Nicholson’s Journal, vi. 93. 
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them. Its specific gravity, according to Davy’s experiments, ^ vn. 
is 2*2293.* According to Berzelius and Dulong, 2*247.f If 
we suppose it composed of a volume of vapour of sulphur, and 
a volume of oxygen gas, condensed ipto one volume, its spe- 
cific gravity ought to be 2*2222. Now this is confirmed bjj 
an experiment made in my laboratory ; we found the specific 
gravity of the 2*221. 

I ascertained, by experiment, that the quantity of oxygen 
in sulphurous acid is f of that in sulphuric acid.J • Now we 
shall see immediately that sulphuric acid is composed of 100 
sulphur + 150 oxygen. Hence it follows that suljdiurous 
acid is composed of 100 sulphur -f- 100 oxygen. There is 
another experiment which demonstrates, in a very satisfactory 
manner, the composition of this acid. Sulphuretted hydrogen 
is a gas which will be described in the subsequent part of this 
section. It contains its own volume of hydrogen, holding a 
volume of sulphur in solution. Now a volume of this gas 
requires 1| volume of oxygen for complete combustion. The 
substances formed are water and sul})huroqji aflSd.* The half 
volume of the oxygon goes to the formation of water, and 
combines with the hydrogen. The one volume of oxygen 
combines witli all the sulphur, and forms sulphurous acid. 

The sulphur, in a volume of sulphuretted hydrogen, is obtained 
by subtracting the specific gravity of hydrogen "gas from that Composiuon. 
of sulphuretted hydrogen. , 

Sp. gravity of sulphuretted hydrogen . 1*1805 

hydrogea gas • . 0*0694 

Sulphur in the gas . . , 1*1111 

But the specific gravity of oxygen gas is Ml 1. Hence it 
follows that sulphurous acid is composed of 

Sulphur . . 1*11 li 

Oxygen . . l*llli 

It is obvious from this that sulphurous acid gas is a com- 
pound of 

1 volume oKygen gas, 7 condensed into 1 volume. Hence 
1 volume sulphur vapour, 5 the specific gravity of sulphur va- 
pour and oxygen gas are precisely the same. 

The atomic weight of sulphur, as will appear immediately, 
is 2. Now 2 multiplied by 0*5555 mus^ ^ive us the specific 
gravity of sulphur vapour. And 2 X 0*5555 = Mill. 

* Phil, Trans. 1818, p. 4il2. -|- Ann. de Chim. et de Phys. v. 178. 

t Nicholson’s Journal^ vi. 95. 
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3. Sulphuric acid is obtained by burning a mixture of about 
7 parts sulphur and 1 part nitre, in large chambers lined with 
lead. By this combustion, sulphurous acid and deutoxide of 
azote are formed. The deutoxide absorbs oxygen from the 
atmosphere, and is converted -into nitrous e^cid. Both the 
acids are absorbed by water. The nitrous acid gives out part 
of Its oxygen to the sulphurous acid, and converts it into sul- 
phuric acid, and being reduced to the state of deutoxide again 
flies off, unites to oxygen, is converted into nitrous acid, and 
absorbed by the water. This process goes on till the whole of 
the sulphurous acid is converted into sulphuric acid.* The 
water, thus acidulated, is evaporated in leaden vessels to a cer- 
tain point. The evaporation is tlien continued in glass retorts, 
tiU the acid acquires the requisite degree of strength. By this 
evaporation a very considerable portion of the water is driven 
off. But by this process, sulphuric acid cannot be deprived of 
the whole of its water. 

Sulphuric acid is colourless like water. It has somewhat of 
a glutinous cor.sistency ; is destitute of smell, but has an exceed- 
ingly acid taste. It speedily chars animal and vegetable sub- 
stances when placed in contact with them. It converts vege- 
table blues to red. Acid of the specific gravity 1*85, boils, 
according to Mr. Dalton, at the temperature of 620°. The 
boiling point (iKminishes with the strength. Acid of the specific 
gravity 1*780, boils at 435°, aqd acid of the specific gravity 
1*650, at 350" .f 

Many experiments have been m'lde to determine the pro- 
portion of oxygen contained in sulpliuric acid. It is unneces- 
sary to state the trials of Berthollet, Trommsdorf, Lavoi- 
sier, Chenevix, and Thenard, because they are very inaccurate. 
Bucholz, Klaproth, Richter, and Berzelius approach much 
nearer to the truth. Their estimates are as follows : 

Bucholz 100 sulphur 135*3 oxygen. 

Klaproth 100 + 138*1 

Richter 100 -I- 138*1 

Berzelius 100 + 149*1 

The determination of Berzelius is much more exact than 
any of the others, and is in fact exceedingly near the truth. 


* Clement and DesoimCij, Ann. .de Chim. lix. 329. — Dalton, New Sys- 
tem of Chemical Philosophy, ii. 396. — Davy, Elements of Chemical Philo- 
sophy, p. 276. 

f Dalton’s New System of Chemical Philosophy, ii. 404. 
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I find by a careful set of experiments that the atomic weight 
of sulphuric acid is exactly 5, and that of sulphurous acid 4. 
For 4 soda and 6 potash are exactly saturated by 5 of sul- 
phuric acid, and 4 of sulphurous acid. Farther, sulphite of 
potash may be converted into sulphate of potash by dissolving' 
it in water, and leaving the solution for a sufficient time 
exposed to the atmosphere. The” neutral .state ofi tlie salt is 
not altered by this change. Hence it follows that sulphurous 
and sulphuric acids contain exactly the same weight «f sulphur. 
The difference between their weights is owing to the differ- 
ence of their oxygen. Now this difference being unity, it is 
clear that sulphuric acid contains 1 atom more oxygen than 
sulphurous acid. Farther, if we take 2 grains of sulphur and 
dissolve them in nitric acid, we will convert them into 5 grains 
of sulphuric acid. From this, it is obvious that sulphuric acid 
is composed of 

Sulphur . . 2 

Oxygen • . . 3 

Sulphurous acid must of course be composed of 
Sulphur . . 2 

Oxygon . . 2 

4 

Hence it is evident that the atomic weight of sulphur is 2, and 
that sulphurous acid is a compound pf 1 atom sulphur and 2 
atoms oxygen ; while sulphuric acid JLs a compound of I atom 
sulphur and 3 atoms oxygen. 

Berzelius makes the atom of sulphur 2*01165. This num- 
ber he founds on analytical experiments; as if it were possible 
by experiment to determine the millionth part of the matter 
subjected to analysis. He endeavours . also to deduce from 
CErsted’s experiments oh the compressibility of sulphurous 
acid gas, that it is impossible that sulphurous acid can be a 
compound pf equal weights of sulphur and oxygen. He does 
not attend to the circumstances of the case, otherwise he would 
see that these experiments militiite against his conclusions. It 
has been established by satisfactory trials, that when sulphur 
is burnt in oxygen gas, that gas is changed into sulphurous 
acid without any alteration in volume. .’Hence the increase of 
the specific gravity measures the weight of sulphur combined 
with the oxygen g^s. But says Berzelius tlie weight of sul- 


Sect. VIL 
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phurous acid gas is greater than it ought to be, supposing it a 
compound of equal weights of oxygen and sulphur. The 
reason assigned by himself accounts for this; it is owing to the 
easy compressibility of sulphurous acid into a liquid. But I 
know from actual trial that the specific gravity of sulphurous 
acid gas may be taken without any condensation whatever, and 
thaf then its density is 2*221. That Berzelius’s number 
for the specific gravity of sulphurous acid is not quite correct, 
is evident <from this, that if we subtract from it his own specific 
gpravity of oxygen gas, we obtain 2*0756 for the atom of sul- 
phur, instead of 2*01165 his own atomic weight. For 2*247 — 
1*1026 = 1*1444 and 1*1026 : 1*1444 : : 2 : 2*0756 r= atom 
of sulphur. 

4; An observation of Mr. Higgins of Dublin, had it been 
attended to, might have led chemists long ago to infer the exist- 
ence of suhsulphurous acid. He found that sulphurous acid 
has the property of dissolving iron without the evolution of 
any gas.* But Mr. Higgins did not determine the nature of 
the solution oi^irop thus obtained. This was done in 1789 by 
M. Berthollet. He showed that a greater proportion of sul- 
phur was present in the solution than sulphurous acid contains. 
The reason was, he observed, that the iron was oxydized at the 
expense of the sulphurous acid, a portion of wdiich giving out 
its oxygen to the; iron is converted into sulphur. This sul- 
phur combines with the sulphite of iron formed, and consti- 
tutes a peculiar kind of salts to which the name of sulphuretted 
sulphites was applied by the Frcnqli chemists.-}- Some other 
of these salts were described by Berthollet and by Fourcroy, 
and Vauquelin. And some new facts concerning them were 
noticed by Gray-Lussac in 1813.| It was in the year 1815, 
that I first paid minute attention to the solution of iron in sul- 
phurous acid. I concluded from the phenomena, that the acid 
gave out half its oxygen to the iron, and converted it into pro- 
toxide of iron. I found the salt formed a neutral salt; but 
when I attempted to separate the acid it was immediately 
decomposed into sulphurous acid and sulphur. I drew as an 
inference that the salt contained a peculiar acid of sulphur, 
consisting of sulphurous acid deprived of half its oxygen, and 
therefore composed of one atom of sulphur -f- one atom of 
oxygen. To this nfew acid I gave the name’ of hyposulphurous 

* Higgin’s Comparative View, p. 49. 

\ Ibid. Ixxxv. 199. 


f Ann. de Chim. n» 58. 
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acid^ and I announced the existence of this acid in the fifth 8ect vii. 
edition of my System of Chemistry, published in 1817. In 
that edition the existence of the acid is stated, and the salts 
previously described in books by the^ame of sulphuretted svl-^ 
phites are called hyposulphites.* But the discovery of a ne\^ 
acid containing still less oxygen than this, by Mr. Herschell, 
makes it expedient to give to the acid fcft’med, by dissolving 
iron or zinc in sulphurous acid, the name of subsulphurous acid. 

If the sulphurous acid be pure, zinc dissolves in it \rithout any 
effervescence whatever. When the salt is decomposed, the sub- 
sulphurous acid is resolved into sulphurous acid and sulphur. No 
accurate experiments have hitherto been made on the subject; 
but there seems no reason to doubt from the phenomena, that 
during the solution of the zinc, the sulphurous acid gives out 
half its oxygen to oxydize the zinc. The subsulphurous acid 
must then be a compound of 

1 atom sulphur . . 2 

1 atom oxygdn . . 1 

i 

3 

and its atomic weight must be 3. It seems incapable of 
existing except in combination with a base. When insulated 
half the sulphur separates, and sulphurous acid remains. 

5. The acid discovered by Mr. Herschell, afld to which he 
gave the name of hyposulphurous acid, seems equally incapa- 
ble of existing except in combination with a base. W^hen 
sulj)huric acid in a sliglit oKcess is poured into a dilute solution 
of hyposulphite of strontian, the whole strontian is thrown down, 
and the filtered liquid consists chiefly of a solution of hyposul- 
phurous acid in water. This liquid is transparent and colour- 
less, is destitute of smell, and has an acid, astringent, and very 
bitter taste. On standing a few hours, the acid undergoes 
spontaneous decomposition, the liquid becomes milky, sulphur 
is deposited, and sulphurous acid ren^ains in solution. 

During a set of experiments on chromium, in which I was 
engaged itbout five years ago, I found that when a current of 
sulphuretted hydrogen gas was passed through a solution of 

* I have been thus minute in my account of my ideas respecting this acid, 
because I observe that Gay-Lussac lays claim tosthe discovery of it. But • 

I am not aware of the least hint at the existeqbe of any such acid, either in 
the writings of Gay-Lussac, or of any other person previous to the publica- 
tion of the fifth edition of my System of Chemistry. 

t Bdin. Philos. Journal, i. 8 and 396, and ii. 15L 
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in the state of hydro-sulphuret of chromium, and the residual 
liquid contains a solution of hyposulphite of potash. This 
fact induced me to makq a set of experiments on the composi- 
tion of hyposulphurous acid, whrch I was fortunately enabled 
to do by means of a salt, which made its appearance in the 
soda leys of Mr. Tennant of Glasgow, during the very warm 
summer of 1825. 

This salt had a hot, bitter, and sulphureous taste, and was 
crystallized in regular octahedrons. It gradually deliquesced 
and acted very strongly as an alkali. It was composed of 
1 atom bisulphuretted hydrogen . . 4*125 

1 atom soda ..... 4 

6 atoms water ..... 6*75 

14*875 

The bisulphuretted hydrogen (as its name implies) is a com- 
pound of 2 atoms sulphur and 1 atom hydrogen. If we dis- 
' solve this salt^in water and add to the solution sulphurous acid 
as long as the aci^ continues to lose its smell, one half of the 
sulphur which it contains is thrown down, and the salt is con- 
verted into hyposulphite of potash, which may be obtained in 
large flat four-sided prisms terminated by a bihedral summit. 
When analyzefl its constituents were found to be 

1 atom hyposulphurous acid . . 5 

1 atom soda ..... 4 

4 atoms water . « . . . 4*5 

13*5 

It is obvious that the hyposulphurous acid is a compound of 2 
atoms sulphur and one atom oxygen. For it is formed by 
adding 4 sulphurous acid to 14*875 of the hydrosulphuret of 
soda. 2 sulphur precipitate. Consequently 4 sulphur must 
remain in solution. One-lialf of the oxygen in the 4 sulphu- 
rous acid must have combined with the 0*125 hydrogen united 
to the sulphur in the bisulphuretted hydrogen. Hence there 
remains 1 oxygen to combine with 4 sulphur, which must be 
the constitution of hyposulphurous acid.* I verified this result 
by ahalyzing the hyposulphites of barytes and lead, prepared 
■ by Mr. Herschell’s process. Hyposulphurous acid then is a 
compound of 


* See Phil. Trans. 1827, p. 165. 
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2 atoms sulphur . . 4 sect, vit 

1 atom oxygen . . 1 

5 

So that its atomic weight is rtie same as that of sulphuric acic^‘ 

6. Another acid compound of oxygen and sulphur was dis- 
covered by Messrs. Gay-Lussac and Welter, and called by 
them hyposulphuric acid. 

W^elter caused a current of the sulphurous acid gas to pass Hy ^ui phu- 
through black oxide of manganese suspended in water. By 
this process he formed a neutral salt, which he requested Gay- 
Lussac to examine. It was during their mutual examination 
of this salt that the new acid was discovered. The solution 
thus formed consists of a mixture of neutral sulphate and hypo- 
sulphate of manganese. Pour into this solution barytes water. 

The whole of the sulphate of manganese is thrown down, while 
the hyposulphate is converted into hyposulphate of barytes, 
which remains in solution. ‘A current of carbonic acid throws 
down any excess of barytes that may have J?ecm added ; then 
evaporate the liquid, and the hyposulphate of barytes will be 
obtained in crystals. Dissolve these crystals in water, and 
precipitate the barytes by means of sulphuric acid, taking care 
not to add any excess of that acid. The liquid now consists of 
water, holding hyposulphuric acid in solution.* This acid is 
colourless and destitute of smf 11. It may be concentrated till 
its specific gravity is 1'347, but no higher. It then begins to 
be decomposed by heat, sn]phurous.acid flies off, and sulphuric 
acid remains behind.* It was found^hat it could be completely 
resolved into sulplnxrous and sulphuric acids in the proportion 
of 4 parts of the former and 5 parts of the latter. It is there- 
fore composed of an integrant particle of sulphuric acid united 
to an integrant particle of sulphurous acid. Its constituents 
therefore are 

2 atoms sulphur . • . 4 

5 atoms oxygen . » . 5 

9 

And its atomic weight* is 9. It is similar in its constitutiefn to 
phosphoric acid. It is a very curious faot that sulphmie and ■ 
sulphurous acids should be capable of Whiting together, and of 


* Annals of Philosophy, xiv. .352. 
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forming a new compound acid whose saturating power is not 
greater than that of either of its constituents. 

Thus we know at present no fewer than five compounds of 
oxygen and sulphur, all of which are acids. Their names, 
constituents, and atomic weights^ are as follows* 

Sulphur. Oxygen. Atomic weight. 


Hyposulphurous acid 

2 atoms 

-f- 1 atom 

. . 5 

2. Subsulpliurous acid 

1 

+ 1 

. . 3 

3. Sulphurous acid 

1 

+ 2 

. . 4 

4. Sulphuric acid 

1 

+ 3 

. . 5 

5. Hyposulphuric acid 

2 

+ 5 

. . 9 


III. Sulphur combines readily with chlorine, and forms a 
liquid compound which has received the name of chloride of 
sulphur. This substance was first described by me in 1803.* 
It was examined by M. Berthollet, junior, in 1807,f and by 
Mr. Bucholz in 1810.J 

It is easily obtained by passing a current of chlorine gas 
through flowers of sulphur. It may be obtained also, as Davy 
first observed^ by heating sulphur in a dry glass vessel filled 
with chlorine gas; 

It is a liquid of a brownish red colour when seen by reflected 
light ; but appears yellowish green when seen by transmitted 
light. Its smell is strong and somewhat similar to that of sea 
plants, or whioJi we perCeive when walking along the sea-shore. 
The eyes when exposed to it are filled with tears and acquire 
the same painful feeling as wBen exposed to wood or peat 
smoke. The taste is acidj hot and bitter, affecting the throat 
with a painful tickling. It does not change the colour of dry 
litmus paper ; but if the paper be moist it immediately becomes 
red. I found the specific gravity 1*6789. But Berthollet 
found it 1*7 and Bucholz 1*699. It readily dissolves sulphur, 
and acquires a brown colour. It dissolves phosphorus with 
facility. The solution has a fine amber colour and is perma- 
nent. Chloride of sulphur soon flies off, leaving crystals of 
sulphur if it contains tha® substance in solution. When dropped 
into water it is decomposed, sulphur being evolved. W^hen 
dropped into nitric acid a violent effervescence is produced, and 
sulphuric acid formed. 

According to Davy 10 grains of sqlphur absorb 30 cubic 
itiches or 22*3589 g^iains of chlorine. Hence it is composed of 


* Nicholson’s Journal, vi. p. 104. t Mem. de Arcueil, i. 161. 

t Gehlen’s Journal, fur die Chemie, Physik und Mineralogie, ix. 1 72. 
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Sulphur . . 2 Sect viL 

Chlorine . . 4-672 

It is evident from this that it is a compound of 1 atom sulphur 
and 1 atom chlorine. Hence its atogaic weight is 6-5. 

I analyzed » specimen of diloride of sulphur of the specifiji 
gravity 1*7, and found it a compound of 

1 atom chlorine . . 4-5 

2 atoms sulphur . . 4- 


8-5 

It was therefore a dichloride, and its atomic weight was 8-5. 

Thus there are two chlorides of sulphur. The chloride, 
composed of an atom of each constituent, has a red colour and 
a specific gravity of only 1-628. It may be made by continu- 
ing the current of chlorine gas till the chloride refuses to 
absorb any more. Or by mixing together 100 parts of corro- 
sive sublimate and 12 parts of sulphur, and distilling with a 
moderate heat. The dichloride may be madskby saturating* 
the chloride with sulphur till it refuses to take up any more. 
Its colour is brown, its specific gravity greater, and when 
evaporated it leaves one half of its sulphur behind. 

No attempt luis been hitherto made determine the specific 
gravity of the vapour of chloride of sulphur. Bi8t as it is a com- 
pound obviously of 1 volume jchlorine gas and 1 volume vapour 
of sulphur probably condensed into 1 volume, its specific gravity 
must be 3-61 li. If dichloride be a compound of two volumes 
of sulphur vapour and 1 volume of olilorine gas condensed into 
1 volume, the specific gravity of its vapour must be 4-7222. 

Diunas subjected the chloride of sulphur to analysis. His 
method was to pass the vapour through hot turnings of iron. 
Chloride and sulphuret of iron were formed. The chlorine 
was thrown down and estimated by means of nitrate of silver. 
The sulphur was driven off in the st^e of sulphuretted hydro- 
gen and united with lead. He obtained 

• Sulphur . . 3 or 2 

Chlorine . . -7-167 4-778* 

This corroborates the analysis of Davy. Both the chloride of 
Davy and of Dumas 9eems to have contained a slight exce’ss of 
chlorine. 

It appears from the experiments of r^ischoff, that dichloride 

* Ann. de Mines, xii. 142. 
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of sulphur yields beautiful crystals of sulphur. The shape of 
the crystal is the usual rhomboidal octahedron.* 

IV. Bromide of sulphur is easily formed by pouring bromine 
on flowers of sulphur. /The sulpllhr is converted into an oily- 
, looking liquid having a much d^«per red colour than chloride 
of sulphur. Like that compound it exhales vapours when left 
in fhe open air, and its smell is somewhat similar. It slightly 
reddens litmus paper, unless water be present when the action 
is strong. Cold water has but little action on it ; but at a 
boiling temperature a slight detonation takes place, hydro- 
bromic acid is formed together with sulphuric acid and sulphu- 
retted hydrogen. Chlorine decomposes this bromide. Bromine 
is driven off and chloride of sulphur formed.f It is obvious 
from this that bromide of sulphur is a compound of 

1 atom bromine . . 10 

1 atom sulphur . . 2 

12 

and that its aComir weight is 12. 

V. Sulphur has the property of combining with iodine, and 
of forming a compound which has been called iodide of sulphur. 
It was first described by Gay-Lussac.J 

It is easily formed by mixing together the two constituents 
in a glass tube and exposing them to a heat sufficient to melt 
the sulphur. Tliis iodide is grayish black, and has a radiated 
structure like that of sulphuret of antimony. When distilled 
with water, iodine is disengaged. ,-When heated sufficiently 
to produce fusion a portion of the iodine is likewise disengaged. 

This iodide lias not hitherto been analyzed. But from the 
observation of M. Henry, that the best way of procuring it in 
a crystallized state, is to mix 1 part of sulphur with 4 of iodine, 
it is obvious that it is a diodide of sulphur or a compound of 

1 atom iodine . . 15*75 

2 atoms sulphur . . 4 

19*75 - 

Doubtless there exists a simple iodide of sulphur, which from 
analogy is probably a liquid. 

^ VI. It would appear from an experiment of Sir H. Davy 

A. 

* Schweigger’s Jahrbuch, vi. 270. 
f Ballard ; Ann. de Chim. et de Phys. xxxii. 375. 
i Ann. de Chim. xci. 22. 
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that sulphur may be combined with fluorine. He mixed seotvii 
sulphur with fluate of lead (fluoride of lead), and distilled in a 
platinum vessel. Sulphuret of lead was formed and a fluid 
volatilized, which in all probability wag a fluoride of sulphur. 

But Havy did n0t examine thfe properties of this remarkable 
fluid. ^ 

VII. Sulphur has the property of combinilig with hydrogen, Sulphuretted 
and of forming' a gaseous compound which has received the 
name of sulpliuretted hydrogen gas. Gay-Lussac has given 
it the name of hydrosulphuric acid^ which has been pretty 
generally adopted. 

That such a gas existed, and that it was inflammable, had History, 
been observed by Iloiielle ;* but its properties and composition 
were first investigated by Scheele in 1777, who must therefore 
be considered as the real discoverer of it.f Bergman, in 1778, 
detailed its properties at greater length,:): having examined it 
probably after reading the experiments of Scheele. In 1786, 

Mr. Kirwan jixdilished a co])idus and ingenious set of experi- 
ments on it.§ The Dutch chemists cxamine^it ft lV92,|| and 
in 1794 Berthollet, with Ids usual sagacity, still further 
developed its properties;^ and since that time several important 
facts res])ecting it liave been ascertained by Proust and The- 
nard. ^ 

Berzelius published an elaborate analysis of it in 1807 
and Gay-Lussac, Thenard,ff aiid Sir H. Davy,:}::): have ascer- 
tained several of its properties with precision. 

It may be obtained by pouring siflphuric or muriatic acid Formation, 
upon several metallic sulphurets. Sulphuret of antimony 
yields it very pure ; but the muriatic acid must be concentrated, 
and the actioii of the acid must be assisted by heat. Sulphuret 
of iron furnishes it very readily, and may be formed by plung- 
ing red-hot iron into sulphur, or by heating together iron filings 
and sulphur in a covered crucible. Gay-Lussac proposed a 
very convenient method of procuring this gas. It consists in 
mixing together 2 parts of sulphur and 4*5 parts of iron filings 

* Macquer’s I)ict. i. 520. 

f Scheele on Air and Fire, p. 186, Engl. Tran||. 

f See his Treatise on Hot Mineral Waters, Opus. i. 233, and Engl. 

Trans, i. 290. • 

f Phil. Trans. 1786, p. 118. • 

II Ann. de Chim. xiv. 294. ^ Ibid.-xxv. 233. 

** Afhandlingar i Fysik, Kcmi och Mineral ogi, ii. 78 
ft Recherches Physico-chimiques, i. 191. 
tt Phil. Trans. 1812, p. 412. 
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in a retort with a considerable quantity of water, and heating 
the whole nearly to the boiling temperature. The sulphur 
and iron filings act upon each other, considerable heat is 
evolved, and a black liiatter formed which yields a great deal 
of sulphuretted hydrogen wherf an acid is poiAed into it. This 
mixture must not be prepared long before it is used ; and it 
will not yield pufe sulphuretted hydrogen gas unless the iron 
filings employed be clean and very small. If they be large 
the intetior will remain in the state of iron, and hydrogen 
will be evolved when sulphuric acid is poured into the mixture. 

An economical method of procuring sulphuretted hydrogen 
has been proposed by M. Berthier, which seems entitled to the 
attention of chemists. His method is this, reduce sulphate of 
lime to an impalpable powder, and mix it if anhydrous with the 
5th part of its weight of charcoal powder; but if in the state of 
an hidrate with about ^th. Put the mixture into a crucible, 
and raise its temperature very slowly to whiteness, keeping it in 
a white heat for nearly an houi*. It is now converted into sul- 
phuret of Slne» but it still retains its pulverulent state, and 
may be kept in a close vessel for use. When muriatic acid 
is poured upon this matter, it gives out sulphuretted hydrogen 
gas very rapidly, and to the amovmt of 46*8 per cent. 

Sulphuretted hydrogen gas is colourless, and possesses the 
mechanical properties of air. It has a strong fetid smell, not 
unlike that of rotten eggs. It does not support combustion, 
nor can animals breathe it without suffocation. Its specific 
gravity, according to the experiments of Gay-Lussac and 
Thenard, is l*1912.f According to Sir H. Davy, it is 1’1967. 
I foimd its specific gravity 1*1788. It will appear immediately 
that the true specific gravity is 1*1805. 

Its refracting power, according to the experiments of Dulong, 
is 2*187, that of air being unity .J 

Mr. Faraday succeeded in reducing this gas to the state of 
a liquid. His method was to put sulphuret of iron and muria- 
tic acid into a bent tube shut at one end, and so contrived, 
that the two bodies did not come in contact till*the open end 
of the tube was sealed hermetically. The muriatic acid was 
then brought in contact with the sulphuret of iron, while the 
other end of the tube was surrounded by a mixture of snow 
and salt. By the united action of the pressure and cold the 

* Ann. de Chim. et de Phys. xxiv. 273. 

f Recherches Physico-chimiques, i. 191. 

I Ann. de Chim. et de Phys. xxxi. 167. 
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sulphuretted hydrogen evolved condensed into a liquid, sect. vii. 
This liquid was transparent and colourless and exceedingly “ 
mobile, so that ether when compared with it appeared some- 
what viscid. Its specific gravity was* about 0*9, and at the 
temperature of it required a pressure amounting to 17 
atmospheres to keep it in a state of fluidity.* , 

This gas is rapidly absorbed by water, j^ccording to Dr. 

Henry, 100 cubic inches of this liquid absorb, at the tempera- 
ture of 50°, 108 cubic inches of sulphuretted hydrogen.f But 
the gas must have been impure. Theodore de Saussure found 
that 100 cubic inches of water absorb 253 cubic inches of 
pure sulphuretted hydrogen gas.:f Gay-Lussac foimd that 
water absorbed at least three times its volume of this gas. I 
prepared a quantity of very pure gas by means of sulphuret of 
antimony, and left it in a glass jar standing over mercury with a 
measured volume of water in contact with it. The result was 
that in 24 hours the water absorbed 3'66 times its volume of 
the gas. Alcohol of the specific gravity 0’84 absorbs, accord- 
ing to Saussure, 6*06 times its volume of ga* liSlr. Higgins 
has shown likewise that it dissolves in ether. The water thus 
impregnated is colourless, but it has the smell of the gas, and 
a sweetish nauseous taste. It converts vegetable blue colours 
to red, and has many other properties analogous to those of 
acids. When the liquid is exposed to the open air the gas 
gradually makes its escape. • 

When sulphuretted hydrogen gas is set on fire, it burns 
with a bluish red flame, and*at the same time deposits a quan- 
tity of sulphur. When the electric spark is passed through it, 
sulphur is deposited, but its bulk is scarcely altered.§ It depo- 
sits sulphur also when agitated with nitric acid, or when that 
acid is dropped into water impregnated with it.|| K into a 
small phial filled with this gas, we let fall a few drops of nitric 
acid, and then shut the mouth of the phial with the finger, so 
much heat is evolved, that the gas catches fire and burns with 
a beautiful flame. 

When mited with common air it bums rapidly, but does 
not explode. When mixed with its own bulk of oxygen g;as» 
and fired with electricity, an explosion is produced, and no 
sulphur deposited ; but *the inside of the glass is moistened 
with water. For complete combustion ifc requires volume 

* Phil, Trans. 1826, p. 544. t Ibid, 1803, p. 274. 

t Annals of Philosophy, vi. 340. § Austin, Phil. Trans. 1788, p. 385. 

II Scheele, on Air and Fire, p. 190. 
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of oxygen gas. It is converted into water and sulphurous acid. 
The half volume of the oxygen goes to the formation of water, 
and the whole volume to the formation of sulphurous acid. 

When electrical sparks are made to pass for a long time 
through this gas the whole sulphur is deposited, and the bulk 
o^the gas is not altered; but it is converted into pure hydro- 
gen gas. When sulphur is strongly heated in hydrogen gas 
a quantity of sulphuretted hydrogen gas is formed ; but the 
bulk of tlie gas is not altered. It is obvious from all these 
facts, that it consists of 1 volume hydrogen gas and 1 volume 
sulphur vapour united together and condensed into 1 volume. 
To obtain its specific gravity, therefore, we have only to add 
together the known specific gravities of these two bodies as 
already determined. 

Sp. gr. of hydrogen gas . . 0*0694 

sulphur vapour . . 1 • 1 1 1 i 

1*1805 

Thus its specifec gravity must be 1*1805, as already stated. 
This is only a very little heavier than I obtained by experi- 
ment. 

Its constituents then are 

1 atom hydrogen . . 0*12.5 

1 atom sulphur . . 2* 


2*125 

and its atomic weight is 2*125. ‘ 

2, When three volumes of sulphuretted hydrogen gas, and 
two volumes of sulphurous acid gas, both dry, are mixed toge- 
ther over mercury, they unite together, and are condensed into 
a solid body, which adheres firmly to the sides of the vessel. 
To this compound, which possesses acid properties, the name 
of hydrosulphuroiis acid may be applied. 

The action of theee two gases on each other was first 
observed by Mr. Kirwan.* It was noticed by succeeding 
writers, but never accurately investigated till I made a set of 
experiments on the subject in the autumn of 1818. It had 
been the general opinion that the two gases mutually decom- 
posed each other^ and that the products were water and sul- 
phur. If this opinion had been well founded, it is obvious that 
they would condense each other when mixed in the proportion 
of two volumes sulphuretted hydrogen, and one volume of sul- 
• Phil. Trans. 1786, p. 1 18. 
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phurous acid. For (substitufing atoms for volumes, which 
may be done without any mistake) we have 

Atoms. Atoms. 

2 atoms sulphuretted hydrogen, composed of 2 sul. + 2 hyd. 

1 atom sulphuroifs acid composed of 1+2 oxy. 

So that the two gases may be resolved into three atoms sulphpr 
weighing 6, and 2 atoms water weighing 2*25. 

But as the two gases really combine in the proportions of 
three volumes sulphuretted hydrogen and two voluiSies sul- 
phurous acid, it is obvious that they cannot be resolved into 
sulphur and water, without a residue of oxygen gas amounting 
to ^tli the bulk of the whole sulphurous acid gas employed. 

Now when the gases are mixed in the requisite proportions, 
and in a state of sufficient purity, there is no gaseous residue 
whatever. 

Hydrosulpliurous acid is a solid body having an orange yel- PropcrtiM, 
low colour. Its taste is acid and hot, and it leaves an impres- 
sion in the mouth which confinues for a considerable time. 

When dry it produces no change upon the soloift of litmus 
paper; but if we moisten the paper ever so little, it tinges it 
red. Water, alcohol, nitric acid, and sulphuric acid, decom- 
pose it, and disengage sulphur. When this substance is agi- 
tated in barytes w'ater, no immediate precipitate appears; a 
sufficient proof that it contains neither sulphurous nor sulphuric 
acid. It requires a greater heat to produce fusion than sulphur: 
if the heat be continued, an effervescence takes place, and li 
quantity of pure sul})hur reiritiins behind. I could not succeed 
in uniting it with bases in the dry way, and whenever mois- 
ture is present, this substance is always decomposed. From 
the constituents employed to form it, we see that hydro-sul- composition, 
phurous acid is composed of 

5 atoms sulplnrr . . =10 

4 atoms oxygen . . . = 4 

3 atoms hydrogen . . = 0*375 


14*375 

So that an integrant particle of it weighs 14*375.* 

Or we may consider it as a compound of 
3 atoms sulphuretted hydrogen 6*375 

2 atoms sulphurous acid 8 

14*375 


* Annals of Philosophy, xii. 441. 
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The atomic weight is the same; but when we view these 
compo\md bodies as uniting like simple bodies, the subject is 
rendered more simple and more easily understood. 

3. Another compound of sulphur and hydrogen was dis- 
covered by Scheele,* and afterwards more particularly exam- 
iijued by Berthollet.f I was led accidentally to analyze it dur- 
ing a set of experiments on chromium in 1825. From its 
composition it has been called himlphuret of hydrogen. 

The best way of preparing it, is to fuse the carbonate of 
potash in a covered crucible with a considerable excess of sul- 
phur. By this we obtain a sulphuret of potassium containing 
several atoms of sulphur united to 1 atom of potassium. A 
concentrated solution of this sulphuret, is to be poured by 
little and little into dilute muriatic acid, taking care to mix the 
two liquids well together after every addition. A yellow oily- 
looking liquid is formed, which collects at the bottom of the 
vessel, and is transparent, if the process has been conducted 
successfully. This liquid is the bisulphuret of hydrogen. It 
cannot be kept; for it undergoes spontaneous decomposition 
even in well closed vessels; being converted into sulphur and 
sulphuretted hydrogen. When it is exposed to the air, a quan- 
tity of sulphuretted hydrogen gas escapes, and a yellow semi- 
transparent mass remains adhesive like turpentine, which in a 
few days solidifies into sulphur. 

It is curious that this liquid is formed, and longest preserved 
in an acid, and that it is immediately destroyed by an alkali. 
Yet it has the same acid properties as sulphuretted hydrogen. 
I showed that it constitutes the acid of the octahedral crystals 
which have been hitherto considered as hydrosulphuret of soda, 
and that it is a compound of 

2 atoms sulphur . . 4 

1 atom hydrogen . . 0’125 

4-125 

Its atomic weight consequently is 4-125.:f 

VIII. Sulphur has the property of combining with carbon, 
and of forming a very remarkable compound, distinguished by 
the name of bisulphuret of carbon. 

The phenomepa which take place when sulphur is brought 
in contact with red-hot charcoal were first observed by Messrs. 

* On Fire, p. 192. •(• Ann. de Cbim. xjct. 247. 

1 Phil. Trans. 1827, p. 165. 
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Clement and Desormes, during a set of experiments on char- 
coal. The process which they followed was this : fill a porce- ~ 
lain tube with cliarcoal, and make it pass through a furnace in 
such a way that one end shall be considerably elevated above 
tlie other. To the lower extremity lute a wide glass tube, ofi 
such a length and shape that its end can be plunged to the 
bottom of a bottle of water. To the elevated extremity lute 
another wide glass tube filled with small bits of sulphur, and 
secured at the further end, so that the sulphur may tte pushed 
forward by means of a wire, without allowing the inside of the 
tube to communicate with the external air. Heat the porcelain 
tube, and consequently the charcoal which it contains, to red- 
ness, and continue the heat till air-bubbles cease to come from 
the charcoal; then push the sulphur slowly, and piece after 
piece, into the porcelain tube. A substance passes through 
the glass tube, and condenses under the water of the bottle into 
a liquid.* 

This liquid was obtained by*Lampadius in 1796, while distil- 
ling a mixture of pyrites and charcoal, and jJesMbed by him 
under the name of alcohol of sidphur.f From a later and 
more detailed set of experiments on it, he drew, as a conclusion, 
that it is a compound of sulphur and hydrogen. J But Clement 
and Desormes considered it as a compound of sulphur and 
charcoal ; and inform us, that when it is exposecT to evaporate 
in open vessels a portion of chareoal remains behind. Berthollet 
Junior, who made some experiments on it, adopted the opinion 
of Lampadius.§ But th<! •subject Was resumed by Cluzel,|| 
who published an elaborate set of experiments on it in 1812. 
Berthollet, Thenard, and Vauquclin, who were appointed by 
the French Institute to examine Cluzel’s paper, repeated some 
of his experiments, and drew, as a conclusion, that the liquid 
in question is a compound of about 15 carbon and 85 sulphur.^ 
Soon after a very complete set of experiments on it were pub- 
lished by Professor Berzelius and Dr. !hjarcet.** Their results 
almost exactly agreed with those of the French chemists, and 
leave no doabt that this liquid is a compound of sulphur and 
carbon, and that it contains no other ingredient. 

Bisulphuret of carbon, when prepared by the process^ of 
Clement and DesormeS, has at first a yellow colour, owing ta 

* Ann. de Chim. xlii. 136. •j* Creli^s Annals, 1796, ii. 136. 

t (lehlen^s Jour. ii. 192. § Mem. d’Arcueil, i. 304. 

II Ann. de Chim. Ixxxiv. 72, 113. T Ibid. Ixxxiii. 252. 

** Phil. Trans. 1813. p. 171. 
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an excess of sulphur which it contains. But when rectified, 
by being distilled in a retort at a temperature not exceeding 
110°, it is obtained in a state of purity. 

Bisulphuret of carbon is a li<]|uid as transparent and colour- 
less as water. Its taste is acid, pungent, and somewhat aro- 
matic. Its smell is nauseous aiid fetid, though quite peculiar. 
Its specific gravity, according to Berzelius and Marcet,is 1 *272,* 
according to Cluzel l‘263,f the specific gravity of water being 1. 
Its expailsive force at the temperature of 63*5° is equal to a 
pressure of 7*36 inches of mercury. So that air, to which it 
is admitted at that temperature, will be dilated by about } of its 
volume.^ It boils briskly at a temperature between 105“ and 
110°. It does not congeal when cooled down to — 60°. It 
is one of the most volatile liquids known, and produces a greater 
degree of cold, by its evaporation, than any other substance. 
The bulb of a thermometer being enveloped in fine lint, dipped 
in this liquid, and suspended in the air, sinks from 60° to 
about zero. If it be introduced under the receiver of an air- 
pump, and the receiver rapidly exhausted, the thermometer 
will sink to — 82° in less than tu’o minutes.§ 

Bisulphuret of carbon takes fire in the ojien air, at a tem- 
perature scarcely exceeding that at which mercury boils. It 
burns with a- blue flame, giving out the smell of sulphurous 
acid. Its vapour detonates when mixed with oxygen gas, and 
an electric spark is passed through it. The 2 >roducts are sul- 
phurous acid and carbonic acid, and carbonic oxide, if the 
oxygen be in small proportion ; bilt if six or seven times the 
bulk of the vaj^our, the whole of the carbon is converted into 
carbonic acid. 

Bisuljihuret of carbon is scarcely soluble in water, but alcohol 
and ether dissolve it readily. Ether is caj^able of taking up 
three times its bulk of this liquid without becoming turbid. It 
readily unites with chloride of azote, and j)revents that liquid 
from detonating, when It comes in contact with oils or jflios- 
phorus. II 

When passed through red-hot co])j>er, it combines with that 
metal, forming a carbosulphuret of metal. By this method, 
Berthollet, Thenard, and Vauquelin, succeeded in ascertaining 
its composition. When passed very slowly through red oxide 

* Phil. Trans. Ifel3, p. 17S. Ann. de Chini. Ixxxiv. 83. 

2 Berzelius and Marcet, Phil. Trans. 1813, p. 175. 

§ Marcet, Phil. Trans. 1813, p. 252. 

y Berzelius and Marcet, Phil. Trans. 1813, p. 175. 
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of iron, it is also completely decomposed, and converted partly 
into sulpliuret of iron, and partly into sulphurous acid and 
carbonic acid gases. By this process, Berzelius succeeded in 
decomposing it^ and ascertained it to«be a compound of 
Sulphur * . 84-83 

Carbon . 15-17 ^ 

This result almost coincides with that of the French che- 
mists. Now we have found that an atom of sulphur weighs 2 
and an atom of carbon 0-75. On the supposition thal sulpliuret 
of carbon is a compound of 2 atoms sulphur, and 1 atom carbon, 
its constituents would be 

Sulphur 4 . . 84-21 

Carbon 0-75 . . 15-79 

But these numbers aj^proach so nearly to Berzelius’ analysis, 
that we may safely consider them as exact. 

2. There seems likewise to be a solid combination of sulphur 
and carbon, but its properties have not been examined. Gun- 
powder is made by triturating together saltpetre, charcoal, and* 
sulphur, so as to make as intimate a mixture ais possible. From 
gunpowder it is easy by means of hot water to wash out all the 
saltpetre. A black matter remains, which is a compound of 
sulphur and charcoal, so intimate that the sulphur cannot be 
separated by sublimation. This seems to be ^ compound of 
carbon and sulphur in the proportion of about 5 atoms carbon 
to 1 atom sulphur ; but its ifature has not been particularly 
observed by modern chemists. A similar compound seems to 
be formed when bisulphur*et of cariJon is made by the process 
of Clement and Desormes. When the charcoal remaining 
after this process is heated with saltpetre, both sulphuric and 
carbonic acids are formed. 

3. From an experiment of Scheele, which has not been 
attended to by modern chemists, it seems not unlikely that 
there exists also a gaseous compound of sulphur and carbon. 
He mixed together sulpliuret of potassium, and well burnt and 
pounded charcoal, and distilled the mixture in a retort. A gas 
was obtaiifed which had the smell of sulphuretted hydrogen ; 
but which was not absorbed by water, and did not possess acid 
properties. This gas is inflammable, and wdien burnt the .pro- 
ducts are carbonic acid gas and sulphurous acid. Chlorine 
decomposes it instantly, and a portion of sulphur is deposited.* 
This gas deserves to be more particularly exjunined. 


* Berzelius’ Chemistry, i. 35 ^ 2 , 
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Professor Zeise of Copenhagen has shown that bisulphuret 
of carbon is capable of forming a new acid, to which the name 
hydro-carbosulphuric acid has been given. I reserve the account 
lOf it to a subsequent partf of this work. 

^ IX. When boron is heated to whiteness in the vapour of 
sulphur it takes fire and burns with a red flame. The sulphuret 
formed is white and opaque. If this sulphuret be kept red- 
hot till the vapour of sulphur with which it is surrounded be 
condensed on the colder parts of the apparatus, it dissolves in 
water with tlie violent evolution of sulphuretted hydrogen gas, 
and a clear liquid Ls obtained holding boracic acid in solution. 
From this it would appear that the sulphuret is a compound of 
1 atom sulphur . . 2 

1 atom boron . . 1 

3 

The sulphuret of boron, on tlie contrary, which is withdrawn 
from the fire as soon as the combustion is at an end, when dis- 
solved in water, n#>t only gives out abundance of sulphuretted 
hydrogen and forms boracic acid, but deposites also a quantity 
of sulphur. It must therefore be cither a sesquisulphuret or 
bisulphuret of boron.* 

X. When silicon is heated in the vapour of sulphur it catches 
fire and burns with a red coloured flame. Tlie product is a 
white coloured earthy looking matter, which may be preserved 
unaltered in a dry atmosphere. In a red heat it is slowly 
decomposed, sulphurous acid being given out and silica remain- 
ing. The same decomposition takes place in a moist atmo- 
sphere. When put into water it is decomposed with great 
rapidity, dissolving completely with a great disengagement of 
sulphuretted hydrogen gas. The silicic acid formed is very 
soluble in water, so that if the quantity of water be small the 
whole assumes the form of a jelly. It is completely resolved 
into sulphuretted hydrogen and silica. Hence the sulphuret 
of silicon is a compound of 

1 atom sulphur . . 2 

1 atom silicon . . 1 

.... . 

Thus both in its constitution and properties it is very analogous 
to the sulphuret of boron. 

* Berzelius; Annals of Philosophy (2d series), x. 129. 
t Ibid. 119. 
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XI. Sulphur and phosphorus readily combine with each sect.vu. 
other, as was first ascertained by Margraaf.* Pelletier after- pho«phuretof 
wards examined the combination with care.f Some curious *"*p**“'- 
observations were published on the formation of this compound 
by Mr. Accuin;^ and soon after the circumstances under whicn 
it takes place were explained with precision by Dr. Brig^s.§ 

All that is necessary is to mix the two 'substances together, 
and apply a degree of heat sufficient to melt them, as Pelletier 
first observed. The compound has a yellowish white colour, 
and a crystallized appearance. || The combination may be 
obtained by heating the mixture in a glass tube, having its 
mouth properly secured from the air. The sulphuret of phos- 
phorus, thus prepared, is more combustible tlian phosphorus. 

If it be set on fire by means of a hot wire, allowed to burn for 
a little, and then extinguished by excluding the air, the phos- 
phorus, and perhaps the sulphur, seem to be oxidized, and the 
mixture acquires the property of taking fire spontaneously as 
soon as it comes in contact Vith air.^ , 

The combination may be procured also by f>htting the two 
bodies into a retort, or flask, filled with water, and applying 
heat cautiously and slowly. They combine together gradually 
as soon as the phosphorus is melted. It is necessary to apply 
the heat cautiously, because the sulphuret of j)hosphorus has 
the property of decomposing water, as had been observed by 
Margraaf, and ascertained by Pelletier. The rate of decom- 
position increases very rapidly with the temperature, a portion 
of the two combustible^heing conVerted into acids by uniting 
to the oxygen : the hydrogen at the moment of its evolution 
unites with sulphur and phosphorus, and forms sulphuretted 
and phosphuretted hydrogen gases. This evolution, at the 
boiling temperature, is so rapid as to occasion violent explosions. 

The sulphuret of phosphorus may be distilled over without 
decomposition. Indeed it was by distillation that Margraaf 
first obtained it. Sulphur and phosphorus, by combining, 
acquire a considerable tendency to liquidity ; and this tendency 
is a maximum when the two bodies are combined in equal 
proportions. The following table exhibits the residt of Pelle- 
tier’s experiments on the temperatures at which the compound 
becomes solid when'the substances are united in various pro- 
portions.** 

* Opusc. i. 11. f Jour, de Phys. xxxv. 382. t Kicolson, vi. 

§ Ibid. vii. 58. || Briggs, Nicholson, vii. 58. 

% Briggs, Nicholson, vii. 58. ** Ann. de Chim. iv. 1^. 
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8 

obvious 


Phosphorus 7 


at 59° 


at 50° 


at 41° 


at 54-5° 


Sulphur 5 • ' 

Phosphorus 7 
Sulphur 5 ' • 

Phosphrous 7 
Sulphur 5 
Pliosphorus 7 
Sulphur 5 

Phosphorus 7 at 99-5° 

It is obvious that when the two substances are united 
together in this way, they are mixed with oxide of phosphorus, 
and probably with other impurities. But Mr. Faraday has 
pointed out a method of procuring the sulpliuret of phospho- 
rus in a state of purity. He melted together 5 jiarts of sid- 
phur and 7 of phosphorus, and agitated the compound in 
liquid ammonf^. f.)u leaving the compound for a few hours 
in this liquid it lost its reddish brown colour, became light 
yellow, transparent, and of greater fluidity. Thus ])urified, it 
did not become solid at the temperature of 20°, and was very 
fluid at 32°. On standing some weeks in a bottle of water it 
deposited pure crystal of sulphur, and a compound remained 
not so fluid as the former, and udiich, at the temperature of 
about 40°, became a crystalline mass. Mr. Faraday endea- 
voured to analyze this compound; Init his experiments were 
not attended with complete success. However, he succeeded 
in showing that the jiroportion of the twoconstituentsajiproaches 
4 sulphur and 8 phosphorus. This would be a disulphuret of 
phosphorus, or a compound of 

1 atom sulphur . . 2 

2 atoms phosphorus . . 4 


6 

I analyzed a specimen of the compound which I formed by 
Mr. Faraday’s process, and found it a sesquiphosphuret of 
sulphur, or a compound of 

1^ atom phosphorus . . 3 

1 atom 'Sulphur . . 2 

5 

Probably still other proportions are capable of combining. 
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XII. According to Brugnatelli, there may be formed a sect, vii, 
gaseous triple compound of phosphorus, sulphur, and hydrogen, 

to which the name of hydrophosphuret of sulphur rawy be given. 

The process is as follows : Put intocta small flask or retort a^phur. ^ 
mixture of an Bunce and a hfllf of quicklime recently slacked^ 

40 grains of phosphorus, and 120 grains of sulphuret of potas- 
sium dry and' pulverized. Pour upon tflis mixture hal? an 
ounce of water, and raise the wJiole to a boiling temperature. 

There rise in the first place thick fumes of phosphorus, which 
burn in consequence of the air contained in the vessel; then 
the gas is evolved, which Brugnatelli considered as a hydro- 
phosphuret of sulphur. It must be washed with lime-water to 
separate some sulphuretted hydrogen gas and phosphoric acid 
with which it is mixed. The only properties of this gas which 
he has described, are the following : 

It is invisible and possesses the mechanical properties of 
common air. It does not burn spontaneously ; but when mixed 
with common air or oxygen *gas, and kindled, it explodes with , 
great violence. When a flask with a narrw nfouth is filled 
with it, and held to the flame of a candle, it takes fire, and 
burns with a feeble phos})lioric flame, and the flask is filled 
with white fumes consisting of phosphoric acid, sulphurous acid, 
and M'^ater. Water does not sensibly absorb thk g^s. When 
agitated with different metiillic solutions it precipifcites them. 

TJiough these properties are«insufficient to demonstrate that 
this gas is new, and not a mixture of two or more gases 
{ilready known ; yet I thought it right to notice the gas 
hero in order to draw the attention of chemists to it, and induce 
some person to subject it to the requisite examination, in order 
to confirm or refute the opinion of Brugnatelli. 

XIII. Chlorophosphuret of sulphur. W^e have also a triple 

compound of chlorine, phosphorus, and sulphur, discovered by 
Serullas, and called by him chlorophosphuret of sulphur. To 
form it we have only to put a quantity of perchloride of phos- 
phorus into a glass vessel filled with dry sulj)huretted hydrogen 
gas, and to*shut the mouth of the vessel. In a little time the 
perchloride is converted into a colourless liquid, while at the 
same time, a quantity of muriatic acid is formed. This liquid 
is the chlorophosplnxre^ of sulphur. • 

It has a specific gravity higher than that of water, a 
peculiar smell 'which is pungent and aromatic. In the open 
air it gives out vapours which have something of the smell of 
sulphuretted hydrogen. It boils when heated to 257“. Xjt 
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Chap. II. may be distilled over without any alteration. When passed 
through hot black oxide of copper, no water is formed, nor any 
gas given out, showing diat it contains no hydrogen. From 
,the analysis of Serullas,ait appears to be a compoimd of 
atom chlorine ' . . l)*75 

1 atom sulphur . . 2 

1 atom' phosphorus . . 2 

10*75 

Its atomic weight is 10*75. During its formation an atom of 
chlorine had been separated from the phosphorus, and an atom 
of sulphur substituted. The hydrogen of the sulphuretted 
hydrogen decomposed was converted into muriatic acid by 
combining with chlorine disengaged.* 

S'^uiphureL XIV. Oxichloride of sulphuretted carbon. There is still 
ted carbon, another compound into which this most prolific substance enters 
—composed of no fewer than 4 elements ; namely, oxygen, 
chlorine, carbon, and sulphur, in ‘determinate proportions. It 
was discoverdFd in A 812 by Berzelius and Marcet. The method 
of forming it is this : Put into a vessel incompletely closed 1 
part of bisulphuret of carbon, and pour oyer it 16 parts of a 
mixture of nitric and muriatic acids, both concentrated, and set 
the whole aside for tv/o or three weeks. The bisulphuret 
acquires in the first place a reddish yellow colour, and gradu- 
ally assumes greater consistencev till in about three weeks it is 
converted into a white crystalline substance like camphor. 
This is the substance in <](Uestion. 

It has an acrid and dis&greeable odour somewhat analogous 
to that of chloride of sulphur. Its taste is first caustic and tlien 
sour. It does not act on dry litmus paper; when the paper 
is moist it instantly reddens it. Heat readily melts it, and on 
cooling it again crystallizes. It may be distilled over by a 
strong heat without undergoing decomposition. When heated 
in close vessels it sublimes like camphor, and crystallizes on 
the sides of the vessel. The crystals are transparent and colour- 
less-, and appear to be cubes. It is insoluble in water ; though 
it is decomposed when left long in contact with that liquid. 

It dissolves in alcohol, ether, fixed and volatile oils, and in 
l^sulphuret of carbon. ’ Its solution in *alcohol has a very acid 
taste, and at the same, time very disagreeable. When mixed 
with an alcoholic solufion of nitrate of silver, no precipitate 
appears at first, but chloride of silver gradually makes its 
< * Ann. de Chini. et de Phys. xlii. 25. 
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appearance. Water throws most of it down from the alcoholic 
solution. Caustic potash dissolves it slowly. The solution 
contains chlorine, carbonic acid, and sulphurous acid. When 
passed through red-hot iron filings or wire, it undergoes decom-, 
position, chloride and sulphuret of iron are formed, while 
carbonic acid and carbonic oxide gases are diseng^ed. ^By 
this method Berzelius analyzed, it, and found its constituents 
to be 

2 atoms chlorine . . 9 

2 atoms oxygen . . 2 

1 atom sulphur . . 2 

1 atom carbon . . 0*75 

13-75 

So that it contains 6 atoms, and its atomic weight is 13-75. 

Perhaps it may be a compound of 1 atom of chlorocarbonic 
acid, and 1 atom of a similar but unknown substance, composed 
of 1 atom chlorine, one atont oxygen, and one atom sulphur, , 
and which might be called cMorosuIphurotts g,cid.* 

Such are the properties of sulphur, and such the compounds 
which it forms with those bodies already described. Many 
more of its compounds will come into view as we proceed. 

For there is scarcely any body, except oxygen, capable of 
entering into so many combinations as sulphur. * 

SECTION VIII.— OF SELENIUM. 

The copper mine at I^lun in Sweden contains abundance History, 
of iron pyrites, from which sulphur was extricated by heat to 
supply a small sulphuric acid manufactory belonging to Messrs. 

Gahn, Eggertz, and Berzelius. After the combustion of this 
sulphur (which was very impure) there remained at the bottom 
of the leaden chamber a red or brownish matter, which attracted 
the attention of Professor Berzelius. It was found to consist 
chiefly of sulphur. But when the sulphur was drawn off, there 
remained a dark coloured matter, which, when heated before 
the blow-pipe, emitted a very strong smell of horseradish. This 
smell led to a more rigid examination of the deposite, in order 
to separate the substance to which this smell was owing, and 
to investigate its properties. In this investigation he wa^ 
successful. He separated a combustible Substance possessed 
of peculiar properties, to which he gave*the name of selenium,* 

The selenium in the residue from the manufactory was 

* From tfeXjiMj, the moon ; indicating its relation to tellurium. 
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Preparation. 


mixed with at least eight foreigh substances, from which it 
was separated by a very complicated and tedious process. But 
the essential part of the whole was digesting the residue in 
nitro-muriatic acid, by \dhich the selenium was acidified. The 
biass was now digested in water,* and the wholl thrown upon a 
filter. The liquor which passed tliroiigh contained the selenic 
acid, still contaminated witli several other bodies. But if an 
excess of sal-ammoniac be added to the liquid, the selenium is 
thrown down and may be obtained pure by washing it suffi- 
ciently in w'ater.* 

M. Lewenau found the following process the most economical 
for obtaining this substance. He put a pound of the reddish 
brown residue from the combustion of sulpliur from pyrites 
into a tubulated retort, and poured over it, by small quantities 
at a time, a mixture of 8 pounds of muriatic acid of the specific 
gravity 1*2, and 4 pounds of nitric acid of the specific gravity 
1*5. • To the retort was adapted a large globular receiver, 
from which proceeded a glass tulle, plunging into a flask filled 
with water.**Afcer every addition of acid a violent action 
took place, and abundance of red vapours passed, which gave 
a reddish yellow colour to the winter in the flask. After the 
whole acid had been added, it was distilled over into the 
receiver by q gentle heat. Tlie liquid in the receiver was 
then poured back and redistilled ; then a ])ound and a half of 
strong nitric acid was poured upon the matter in the retort, 
which had a deep red colour, and distilled off. The residue 
was finally boiled with a Ifeufficient ‘Quantity of distilled water, 
and the wdiole tlirown on the filter. 

Into the liquid which contained the selenium in the state of 
selenious acid fresh sulphite of ammonia was poured. The 
selenium was precipitated in the state of large red flakes. It 
was washed wdth distilled water, and dried ; when the liquid 
was concentrated by evaporation, and sulphite of ammonia 
addedj .Bn additional portion of selenium was precipitated. 
The acid products of the distillation not being precipitated by 
sull^hite of ammonia, bars of zinc were put into it, Svhich threw 
^qwn a little more selenium. The quantity obtained from a 
pound of the red matter by this process amounted to .592*8 
grains.f ^ 

When selenium, thus obtained, is exposed to a heat rather 


* Berzelius, Annals of Philosophy, xiii. 403. 

t Annals of Philosophy (2d series), viiL 104. 



SELENIUM. 


280 


■ higher than that of boUir\^ water, it melts, and on cooling 
becomes solid. In this state it has the metallic lustre and a 
deep brown colour. Its fracture is conchoidal, has a vitreous 
lustre, and the colour of lead. Its powder is a deep red; 
but it sticks together readily When pounded, and then assumes 
a grey colour and a smooth surface. In very thin coats it is 
transparent, with a ruby red colour. * 

It crystallizes with diflSculty in cubes or four-sided prisms, 
terminated by pyramids. But the crystals are alVays too 
minute to enable us to determine the shape with accuracy. 

Its specific gravity varies from 4*.3 to 4*32. 

It is easily scratched by a knife. It is brittle like glass, and 
easily reduced to powder. 

When heated, it softens; at 212° it is semi-liquid; and it 
melts coni])letely at a temperature a few degrees higher. After 
cooling, it retsiins for a long time a soft and semifluid state. 

Like Spanish wax, it may be kneaded between the fingers and 
drawn out into long threads, Which have a great deal of elas- 
ticity, and possess transparency when they jye iDht* and thin. 

These threads, viewed by transmitted light, are red ; but by 
reflected light they are grey, and have the metallic lustre. 

When selenium is heated in a retort, it begins to boil .at a 
temperature below that of a red heat. Jt fissumes the form of 
a dark yellow vapour, not so intense as the vapour of sid])hur; 
but more intense than chlorine»gas. The vaj)our condenses in 
the neck of the retort in black drops, which unite into harger 
droj)s, .as in the distillati^*of mercifry. When selenium is 
he.ated in the air, or in vessels so large that the v.apoiir may 
be condensed by the cold air, a red smoke is formed which has 
no particuhar smell, .and udiich is condensed into a cinnabar 
red colour, yielding a species of flowers, as happens to sulphilr 
in the same circumsbince. 

Selenium is a very b<ad conductor of heat. It is likewise a 
non-conductor of electricity ; yet Berzglius could not succeed 
in his attempt to render it electric by friction. 

II. Selenium combines with three portions of oxygen, and oxygra* 
forms three compounds, which have received the names of 
oxide of selenium, selenious acid, and selenic acid. 

1. Berzelius did notr succeed in obtaining the oxide ofo*?^®- 
selenium in a separate state. He considefs it as a gaseous 
body. It is formed whenever selenium Is strongly heated in 
the open air, and is distinguished by an exceedingly strong 

I. u 
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smell of horseradish. It is not absorbed by water, nor is it 
capable of uniting with acids. 

2. Selenious acid may be formed by burning selenium in 
oxygcii gas, or by heading it in contact with nitric acid or 
nitromuriatic acid. When the solution cools, the selenious 
acid is deposited in large prismatic crystals, longitudinally 
striated, dnd similar to those of nitrate of potash. Selenious 
acid sublimes at a lower heat than is necessary to distil over 
sulphuric acid. It condenses in the form of long four-sided 
needles. Its vapour resembles in colour chlorine gas. Its 
tsiste is acid, and it leaves a slightly burning sensation upon 
the tongue. It is very soluble in water and in alcohol. 

It follows from a set of experiments by Berzelius, of which 
an account will be given below, that selenious acid is a com- 
pound of 

Selenium . . 100 

Oxygen . . 40-43 

Now, if it consists of 2 atoms of oxygen united to 1 atom of 
selenium l-ao^is probable), wc have an atom of oxygen to an 
atom of selenium, as 1 : 4-94. Hence an atom of selenium 
should weigh 4-94, and an atom of selenious acid 6-94. ITiese 
numbers are corroborated by the analyses of two selenites given 
by Berzelius. These, are as follows : 


Selenite of barytes. 

Selenious acid 100-0 . . 6-899' 
Barytes 137-7 . . 9-5 


Selenite of soda. 

Selenious acid 64-5 . . 7-267 
Soda 35-5 . . 4-000 


The first of these analyses gives us 6-899, and the second 
7-267 for the atomic w-eight of selenious acid. The mean of 
the two gives us 7-083. W^e cannot therefore be far from the 
truth if we pitch upon 7 as the true atomic weight of this acid. 

3. Selenic acid was discovered by Mitcherlich in 1827.* 
The name selenic acid had been previously given to the pre- 
ceding acid, the only one noticed by Berzelius. Selenic acid 
may be obtained by dStonating an intimate mixture of 1 part 
of selenium and three parts of nitre in small quantities at a 
time, in a red-hot crucible. The residue, which contains sele- 
niate of potash, is to be dissolved in water and nitrate of lead 
added to the neutralized solution till all the selenic acid is 
thrown down in the state of seleniate of lead. This powder is 


* Ann. de China, et de Phys. xxxvi. 100. 
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carefully washed, diffused in water, and a current of sulphur- 
etted hydrogen gas passed through it till the whole lead is 
converted into sulphuret. The liquid being now filtered and 
heated to drive off the sulphuretted hy^ogcn which it contains, 
is an aqueous solution of seletiic acid. 

It may be concentrated by evaporation till its temperature 
reaches 536°. But if we raise the heat higher oxygen g& is 
given out and the acid changed to the selenious. Its specific 
gravity is 2*60. It resembles sulphuric acid in its consistence 
and in the heat evolved when it is mixed with water. It con- 
tains about 16 per cent, of water, which is rather less than an 
atom and a half of water united to an atom of acid. We cannot 
reduce the water to 1 atom without decomposing a portion of 
the acid. This acid was analyzed by M. Mitcherlich, and 
found by him to be a compound of 

1 atom selenium . . 5 

3 atoms oxygen . . 3 



Thus it appears that selenious and selenic acids resemble sul- 
phurous and sulphuric acid in their constitution. There is 
also a good deal of analogy in their characters. We do not 
know the composition of oxide of selenium ; but analogy would 
lead to the conclusion that it is a compound of one atom sele- 
nium and one atom oxygen. *On that supposition the consti- 
tution of the three compounds of selenium and oxygen will "be 
as follows : ' 

Selenium. •Oxygen. Atomic weight. 

Oxide of selenium 1 atom + 1 atom . 6 

Selenious acid 1 +2 .7 

Selenic acid 1 + ® *8 

III. Chlorine and selenium appear to combine in two dif- chioridet. 

* Mitcherlich’s experiments give the composition of seleniate of potash, 

Selenic acid . . • 8*56 

Potash . . 6 


14-56 

and he found that the constituents of selenic acid were 
Selenium . . 61.4 

03tygen . . 38*6 


/1 00 

But Berzelius makes the constituents, 

Selenium . . 100 or 4-94 

Oxygen . . 60*66 or 3 
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^ciiap. 11 . ferent proportions and to form a chloride and a bichloride ; the 
former of which is liquid and the latter solid. 

When selenium is put into a glass tube, and a current of 
chlorine gas passed over^it, the selenium absorbs the chlorine 
and fuses into a brown liquid. 3y degrees this liquid, from a 
farther absorption of chlorine, is converted into a solid matter 
having a wiiite colour. When this matter is heated it sublimes 
without melting, and condenses into small crystals in the upper 
part of the vessel. From an imperfect analysis of this matter 
by Berzelius, there is reason for considering it as a bichloride 
of selenium or compound of 

2 atoms chlorine . , 9 

1 atom selenium . . 5 

14 

When selenium is added to this bichloride it combines with it 
when assisted by heat, and a deep yellow translucid liquid is 
obtained whKih may be distilled over, though it is much less 
volatile than the bichloride. It falls to the bottom of water, 
and continues for some time liquid, but at last is decomposed 
into muriatic and selenious acids which dissolve in water, and 
selenium which remains undissolved. This liquid, according 
to Berzelius, is a compound of 

1 volume chlorine gas, y united together and condensed 

‘ 1 volume selenium vapour, 5 into a liquid. If this statement 
be correct, it is obviously a compoi>:.d of 

1 atom chlorine . . 4-5 

1 atom selenium . . 5 

9-5 

and its atomic weight must be 9’5. 

Bromide. IV. Bromide of selenium was formed by SeruUas by pour- 
ing bromine upon selenium in powder contained in a glass tube. 
The two bodies combine rapidly with a noise similar to that of 
a red-hot iron when plunged into water. Much he?t is evolved, 
and the whole becomes solid. The bromide formed has a 
reddish brown colour, gives out vapours, and has the smell of 
chloride of sulphur. W^ater dissolves it, converting it into 
selenious acid and Kydrobromic acid.* From this decomposi- 
tion the bromide ought to be a compound of 


* Ann. de Chim. et de Phys. xxxv. 349. 
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2 atoms bromine . . 20 

1 atom selenium . . 5 

25 

• • • . 

V. No experiments have been made to determine the nature 

of the combinations of selenium with iodii\e and fluorine. • 

VI. Selenium combines with hydrogen, and forms a gaseous 
substance, which has been distinguished by the naiiie of sele- 
nietted hydrogen gas. 

When selenium and potassium are fused together, a com- 
pound is formed, which dissolves in water without the evolu- 
tion of any elastic fluid. The liquid has the colour of beer, 
and contains hydroseleniet of potash. W^hen muriatic acid 
is added, a considerable proportion of the selenium is precipi- 
tated, and the liquid acquires the smell of sulphuretted hydro- 
gen, but no effervescence takes place, unless the solution bje 
very concentrated. When diluted muriatic acid is poured upon 
the seleiiiet of potassium in a small retort, the s^^iiet becomes 
red, an effervescence takes place, and seldiiietted hydrogen 
gas is driven off. 

riiis gas is colourless, and possesses the mechanical proper- 
ties of common air. Its smell is at first similar to that of sul- 
phuretted hydrogen ; but it speedily acts with* great energy 
upon the organs of smell and^ the throat, occasions a painful 
feeling, destroying the sense of smell, and producing a severe 
cough, with a copious eSjjectoratioi^ These feelings are not 
speedily removed ; and Berzelius is of opinion that a free 
inhalation of this gas into the nostrils would probably be attended 
with dangerous consequences. 

This gas is more soluble in water than sulphuretted hydro- 
gen. The aqueous solution of it precipitates all the metals 
from their solutions, and the colours of die precipitates are 
black or brown, except those from manganese, zinc, and serium, 
which are flesh coloured. This gas ?eddens vegetable blues, 
and possesses other acid characters. It is decomposed by the 
united action of air and water. 

In order to determine the composition of this gas, Berzelius 
caused a current of it to pass through acetate of silver. The 
seleniet of silver formed weighed 1'888. ‘It was dissolved in 
nitric acid, and thrown while boiling hoi into dilute muriatic 
acid. The chloride of silver formed weighed 1*844, which is 
equivalent to 1*389 silver. Hence we see that seleniet of 
silver is composed of 
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Silver . . 1.389 

Selenium . . 0*499 

1 * 888 „ 

But the silver in the acetate was in the state of an oxide, and 
wa£ combined with 0*101 oxygen. This oxygen had been 
separated by the hydrogen of the selenietted hydrogen gas, 
which had converted the oxygen of the oxide into water, while 
the selenium united with the reduced silver. But oxygen, in 
order to form water, must be combined with ^th of its weight 
of hydrogen. Hence the hydrogen united with the 0*499 
selenium in the gas was 0*012625. Thus we have selenietted 
hydrogen gas composed of 

Selenium . . 499 or 5* 

Hydrogen . . 12*625 0*126* 

It is obvious from this that selenietted hydrogen gas is a com- 
pound of 1 atom selenium and l^atom hydrogen, or of 
Selenium , . 5* 

Hydrogen . . 0*125 

Analogy leads us to conclude that this gas, like sulphuretted 
hydrogen, is a compound of one volume hydrogen gas, and 
one volume selenium vapour, condensed into 1 volume. Hence 
the knowledge of its specific gravity would enable us to deter- 
mine the specific gravity of the vapour of selenium. 

This gas possesses acid properties like sulphuretted hy- 
drogen, and like it, comjiines with/ various bases, and forms 
salts. 

VII. Nothing is known respecting the combinations of 
selenium with azote, carbon, boron, and silicon. 

VIII. When selenium is drojiped into melted phosphorus, 
it dissolves rapidly, and the compound sinks through the liquid 
phosphorus in red streaks. These streaks speedily dissolve; 
and selenium may be mixed with melted phosphorus in any 
proportion. W^hen phosphorus is saturated with selenium 
we obtain a very fusible compound, which has a dark brown 
colour, a good deal of lustre, and a vitreous fracture. If 
the mixture contains an excess of phosphorus, a superphos- 
phuret of selenium may be distilled off in red drops, which 
are semi-transparent and destitute of the metallic lustre. 
When this phosphufet is digested in water, selenietted hydro- 
gen gas is formed, and some selenium precipitates. It dis- 


* Ann. dc Chiin. ot de Phys. ix, 335. 
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solves in caustic potash, and the liquid is found to contain sect. ix. 
phosphate and hydroseleniate of potash, and selenium is grad- 
ually precipitated.* 

IX. When sulphuretted hydrogen jjgas is passed through a Sulpliurct. 
solution of selenic acid in waiter, a sulphuret of selenium is 
formed, which renders the liquid muddy and lemon yellow, 
but does not easily precipitate. The precipitation is'facilitaSed 
by the addition of some muriatic acid to the liquid. The sul- 
phuret thus obtained has a deep orange colour ; it hoftens at 
212°, and becomes liquid at a temperature a few degrees 
higher. At a still higher temperature it boils, and may be 
distilled over. '^Tlie portion distilled over is transparent, has 
a reddish orange colour, and resembles melted orpiment. Tliis 
sulphuret is not easily acidified by nitric acid. Nitromuriatic 
acid acts much more powerfully. It dissolves in the caustic 
fixed alkalies, and in the hydrosulphurets; the solution has a 
very dark orange colour. The acids precipitate from it a sul- 
phuret of selenium. 

This sulphuret of selenium, according tg analysis of 
Berzelius, is composed of 100 parts selenium, united to 60f of 
sulphur .f This approaches very nearly to 3 atoms of sulphur 
and 2 atoms of selenium. For 

3 atoms sulphur . . = ^ . . 60 

2 atoms selenium . . = 10 . . 100 

Hence it seems to be a sesqukulphuret of selenium. 

Selenium is unfortum|tely still a very scarce substance. It 
would appear from observations made in Germany and Great 
Britain, that it exists pretty frequently in minute quantities in 
iron pyrites. Mr. Zinker has lately discovered it in the Hartz 
combined with lead in considerable quantity. The seleniet of 
lead has so close a resemblance to sulphuret of lead, that the 
one may be easily mistaken for the other. Probably, there- 
fore it may be hereafter discovered in lead mines along with 
galena. 

The analogy between selenium and sulphur is very remark- 
able. We may expect, therefore, hereafter, to discover a similar 
set of compounds formed by selenium, to those which we at 
present know, formed by means of sulphur. 

SECTION IX. OF TELLURfUM. 

I. The mine of Mariahilf, in the mountains of Fatzbay, near History. 


* Berzelius^ Ann. de Chim. et de Phys. ix. 238 . 


f Ibid. 236. 
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Zalethna, in Transylvania, contains an ore of a bluish white 
colour and a metallic lustre; concerning the nature of which 
mineralogists were for a long time doubtful. That it contained 
a little gold was certain;; but by far the greatest part of it con- 
sists of a metallic substance, which some supposed to be bis- 
muth, others antimony. Muller of Reichensteiii examined it 
in 1782;*^ and concluded, from his experiments, that this ore, 
which had been distinguished by the names of aurum prohle- 
Tnaticunii' aurum parodoxictim, and aurum album, contains a 
new metal different from every other. Being still dissatisfied 
with his own conclusions, he sent a specimen of it to Berg- 
man; but the specimen was too small to enable that chemist 
to decide the point. He ascertained, however, that the metal 
in question is not antimony. The experiments of Muller 
appeared so satisfactory, that they induced Mr. Kirwan, in the 
second edition of his Mineralogy, published in 1796, to give 
this metal a separate place, under the name of sylvanite. Klap- 
roth published an analysis of the' ore in 1798, and completely 
confirmed the* ceuclusions of Muller.-I- To the new metal, 
which constitutes 0*925 of the ore, he gave the name of tellu- 
rium ; and this name has been generally adopted. Gmelin 
examined the ore in 1799:1; experiments coincide 

almost exactly with these of Muller and Klaproth. By these 
philosophers the followdng proijcrties of tellurium have been 
ascertained. Some curious new combinations of tellurium were 
discovered by Davy in 1 809 ;§ and :^^et of important experi- 
ments were made upon it 'by Berzelius in 1812. || 

1. Tellurium has a silver white colour, and considerable 
brilliancy ; its texture is laminated like antimony. It is a worse 
conductor of electricity than antimony and bismuth, but better 
than pyrites. 

2. Its hardness has not been ascertained. Its specific gra- 
vity, according to Klaproth, is 6*1 IS.IT Magnus found it 6* 1379. 

3. It is very brittle, :i.ud may be easily reduced to powder. 

4. It melts when raised to a temperature somewhat higher 
than the fusing point of lead. If the heat be increased a little, 
it boils and evaporates, and attaches itself in brilliant drops to 
the upper part of the retort in which the experiment is made. 

* Born, ii. 468. ^ f Crell’s Annals^ 1798, i. 91. 

t Ibid. 1799, i. 275 and^365. § Phil. Trans. 1810, p. 1C. 

1| Nicholson’s Journal, xxxvj. 129. Unfortunately this paper of Berzelius 
is so inaccurately printed, that in many places it is quite unintelligible. 

t Muller found it 6'343 ; but probably his specimen was not pure. 
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It is, therefore, next to mercury and arsenic, the moSt volatile 
of all the metals. When cooled slowly it crystallizes. 

II. Tellurium combines with only one proportion of oxygen, 
and forms a compound possessing a(^ properties. It might bcv 
called telluric acid. But as it likewise possesses alkaline pro- 
perties, it will be better to retain the common naine, oxi^e of 
tellurium. 

1. When tellurium is exposed to the action of the blowpipe oxuie. 
upon charcoal, it takes fire, and burns with a lively blue flame, 
the edges of which are green ; and is completely volatilized in 
the form of a white smoke, which, according to Klaproth, has 
a smell not unlike that of radishes.* 

This white smoke is the oxide of tellurium, which may be 
obtained also by dissolving the metal in nitro-muriatic acid, and 
diluting the solution with a great quantity of water. A white 
powder falls to the bottom, which is the oxide. It may be pro- 
cured also by dissolving the metal in nitric acid, and adding 
potash slowly till the oxide precipitates. This ^ide is easily, 
melted by heat into a straw-coloured massiof a radiated tex- 
ture. When made into a paste with oil, and heated in char- 
coal, it is reduced to the metallic state so rapidly, that a kind 
of explosion is produced. It may be volatilized by the appli- 
cation of heat. When heated on a bit of clj|ircoal before a 
bellows it becomes first yellow, then orange, and lastly of a 
fine red.f After fusion it preduces no change on litmus paper. 

But it combines with thp different bases, and forms with them 
neutral salts. It dissolve^lso in a^ids, and forms neutral salts 
with them likewise. 

According to the experiments of Klaproth,:J: this oxide is 
composed of 

Metal . . 100 

Oxygen . . 20 

But Berzelius found the weight of oxygen somewhat greater. 
According to his experiments, S the oiiide is composed of 
Metal . . 100 

• Oxygen . . 24*8 

If we suppose the real quantity of oxygen that unites with 
100 metal to be 25, or :4 th of the weight of the metal, and 

* Gnielin could not perceive this smell, nor vi^s.it perceived by Berzelius. 

■}• Berzelius; Nicholson’s Journal, xxxvi. 130. t Beitrage, iii. 14. 

§ Annals of Philosophy, iii. 2o0.. 
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Chap. II. 


Iodide. 


Tellurcttcd 

hydrogen. 


that this oxide is a compound of 1 atom metal -f* ^ atom oxy- 
gen, then the weight of an atom of tellurium will be 4. 

III. Tellurium burns spontaneously when introduced into 
V chlorine gas. The chldUde of tellurium formed is white, and 

semitransparent. When heated it rises in vapour, and crys- 
tall^es. ^ater decomposes it, and separates a white powder 
consisting of oxide of tellurium united to water, or hydrated 
oxide^ as such compounds are called. According to Davy it is 
composed of 

Tellurium . . 2 

Chlorine . . 1’83 

These numbers approach nearest to one atom tellurium and one 
atom chlorine. But they do not entirely agree with that sup- 
position.* 

IV. Iodine combines very readily with tellurium when the 
two substances are brought into contact. The solution in 
water has a dark purple red colour. It combines readily with 

. potash, and, forms a colourless solution, which yields by eva- 
poration sm^f white prisms.-j- 

V. Nothing is known respecting the combination of tellu- 
rium with fluorine or azote. 

VI. Tellurium has the property of combining with hydro- 
gen, and of forming a gaseous substance, to which the name 
of telluretted hydrogen gas has been given. 

It was discovered by Sir Humphry Davy in 1809,:}: and some 
experiments on it by Berzelius, were/publislied in 1813.§ 

It is formed by mixing together oxide of tellurium, potash, 
and charcoal; and exposing the mixture to the action of a red 
heat. It is then put into a retort ; diluted sulphuric acid is 
poured on it, and the beak of the retort is plunged into a mer- 
curial trough. A gas comes over, which may be collected in 
glass jars previously filled with mercury. This gas has been 
but imperfectly examined, owing to the difficulty of procuring 
tellurium in sufficient “quantity for experimental purposes. 
The following are its properties, as far as they have been 
ascertained. *' 

It is transparent and colourless, and possesses the mechani- 
cal properties of common air. It has a strong peculiar smell. 


• Davy ; Elementl of Chemical Philosophy, p. 409. 

\ Ruhland ; Schweigger’s Journal, xi. 140. 
t Phil. Trans. 1810, p. 16; or Nicholson’s Journal, xxvi. 333. 
§ Nicholson’s Journal, xxxvi. 132. 
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bearing considerable resemblance to that of sulphuretted hydro- *• 

gen. It bums with a bluish flame, and oxide of tellurium 
is deposited. It is soluble in water, and gives that liquid 
a claret colour. ^ Davy was not able fo determine whether it 
reddens vegetable blues. But in other respects it possesses 
the properties of an acid, combining with ^Ikalies, jnd preci- 
pitating most metallic solutions like sulphuretted hydrogen. 

There is reason to suspect that this compound may be formed 
by heating tellurium in hydrogen gas. Chlorine gas immedi- 
ately decomposes it. The compound of telluretted hydrogen 
and potash is immediately decomposed when the solution of it 
is exposed to the air. Berzelius has endeavoured to show by 
indirect experiments that the gas is a compound of 

Tellurium . , 100 . . 4 

Hydrogen . . 3*1 . . 0*125 

Supposing these proportions correct, it is obviously a com- 
pound of 1 atom tellurium -1- 1 atom hydrogen. 

Ritter, in 1808, discovered that when tellurium jg connected 
with the negative pole of a galvanic battery, and the circuit 
completed by dipping the tellurium in water, a brown powder 
is formed, which appears to be a solid compound of tellurium 
and hydrogen. 

VII. It would appear from an experiment of perzelius, tliat 
tellurium is capable of combining with carbon.* The compound 
is a black powder ; but its properties have not been examined. 

VIII. No experiments have been made on the combination 
of tellurium Mutli boron, "Silicon, or phosphorus. It may be 
combined with sulphur by fusion. T'he sulphuret has a leaden 
grey colour, and a radiated texture. On red hot coals it burns 
with a green flame.f 

IX. Berzelius combined tellurium with selenium ; the two 
substances unite readily, and with the production of heat. 

This compound is very fusible ; when heated it boils and 
sublimes in dark brown drops. It is •easily oxydized and con- 
verted into seleniate of tellurium. The texture of this sele- 
niet is very crystalline. Its colour is that of iron, but rather 
darker.^ 

SECtlON X. OF ARSENIC. 

• ^ . 

I. The word arsenic occurs first in tlie works of Dios- Hutory. 

* Nicholson’s Journal, xxxiv. 133. •|' Klaproth’s Beitrage, iii. 12. 

1 Berzelius, Ann. de Chim. ct de Phys. ix. 249. 
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corides, and some other authors who wrote about the begin- 
ning of the Christian era. It denotes in their works the same 
substance which Aristotle had called aavda^‘x/i,* * * § and his dis- 
ciple Theophrastus dggtjOtov, which is a reddish coloured mineral, 
composed of arsenic and sulphur, used by the ancients in 
painting, and as a medicine. 

Yhe u^iite oxide of arsenic^ or what is known in commerce 
by the name of arsenic, is naentioned by Avicenna in the 11th 
century; 'but at whatjj^riod the metal called arsenic was first 
extracted from that, oxide is unknown. Paracelsus seems to 
have known it; and a process for obtaining it is described by 
Schroeder in his Pharmacopoeia, published in I649.f But it 
was only in the year 1733 that this meUil was examined with 
chemical precision. This examination, which was performed 
by Mr. Brandt, :|; demonstrated its peculiar nature; and since 
that time it has be^n always considered as a distinct metal, to 
which the term arsenic has been appropriated. Its properties 
were still farther investigated by Macquer in 174G,§ by Mon- 
net in 1773,'lpby.Bergmah in 1777.f To the labours of these 
philosophers, and to those of Mr. Scheele,** we are indebted 
for almost every thing known about the properties of tliis 
metal. Its combinations w'ith oxygen have been carefully ex- 
amined by Praust,ff Bucholz,:];!; Befrzelius,^# and some other 
chemists. (| || 

Properties. 1, Arseiiic lias a bluish white!^;olour not unlike that of steel, 
and a good deal of brilliancy. It ha* no sensible smell while 
cold : but when heated it emits a sfi’ong odour of garlic, which 
is very characteristic. 

2. It is the softest of all the metallic bodies, and is so brittle 
that it may be easily reduced to a fine powder by trituration 

* Pliny seems to make a distinction between sandaraeba and arsenic. 
See lib. xxxiv. cap. 18. 

f Bergman, ii. 278. 

t His paper was published in the Memoirs of the Philosophical Society 

Upsala, for 1733, p. 39. He describes the properties of arsenious acid 
with precision, and gives the first accurate process for procuring arsenic in 
the metallic state. He mixed white arsenic with potash and volatile alkali, 
and fused the mixture in a well luted crucible. Bergman seems to have 
taken many of his facts respecting arsenic from "Brandt’s paper. 

§ Mem. Par. 1746, p. 223, and 1748, p. 35. |t Sur 1’ Arsenic. 

^ Opusc. ii. 272. ^ ** Scheele, i. 129. 

ft Jour, de Phys. Jour, de Chim. iv. 5. 

§§ Ann. de Chim. Ixxx. 9, and Annals of Philosophy, iii. 93. 

II II See Annals of Philosophy, iv. 171. 
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in a mortar. Its specific gravity, when melted, is 5’7633.* * *** ^ 

According to the trial of Mr. Harepath, the specific gravity 
of pure metallic arsenic is 5‘672.t Berzelius states its specific 
gravity at 5*7. Guivour found that if^it was exposed to a red 
heat in a porcelain retort filled with it, ’and allowed to cool, it 
acquires much greater brilliancy, and its specific gravity 
becomes 5*959.:J: 

3. Its fusing point is not known, because it is the most vola- 
tile of the metals, subliming without melting, when eicposed in 
close vessels, to a heat of 365°.^ When sublimed slowly, it 
crystallizes in tetrahedrons. 

II. It may be kept under water without alteration; but 
when exposed to the open air, it soon loses its lustre, and often 
becomes black, and falls into powder, though this is not always 
the case. 

Arsenic is capable of combining with two doses of oxygen, Awc nioug 
and of forming two compounds, which possess acid properties, 
and which have been denominated arsenious and arsenic acids. 

1. When exposed to a moderate heat in cqpttferwith air, it 
sublimes in the form of a white powder, and at the same time 
emits a smell resembling garlic. If the heat be increased, it 
burns with a pale blue flame. Arsenic indeed is one of the 
most combustible of the metals. The, substance which sub- 
limes was formerly called arsenic or white arsenic, and is still 
known by these names in thft commercial world. It is now 
denominated arsenious acid. It is seldom prepared by chemists, 
because it exists native, and is procured abundantly during the 
extraction of the other metals from their ores. 

W^hen obtained by these processes, it is a white, brittle, 
compact substance, of a glassy appearance. It has a weak but 
acrid taste, which at last leaves an impression of sweetness, 
and is one of the most virulent poisons known. 

According to the experiments of Klaproth, 1000 parts of 
cold water dissolve only 2^ parts of th^ acid, while 1000 parts 
of boiling water dissolve 77| parts of it.ll This solution has 
a weak tastcy and reddens vegetable blues. When it is slowly 
evaporated, the oxide crystallizes in regular octahedrons. It 

* Lavoisier’s Elements, '(t. 572. I found its specific gravity when sub-, 
limed 5‘235. Bergman states the specific gravity^ arsenic to be 8.31, 

(Opusc, ii. 279,) and Brandt makes it 8*308. But the specimens which they 
tried must have been impure. 

t Phil. Mag. Ixiv. 322. 1 Jour, de Chim. Med. ii. 55. 

$ Bergman, ii. 279. || Annals of Philosophy, iv. 132. 
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Chap. IL 


Arsenic acid 


is soluble also in between 70 and 80 times its weight of 
alcohol, and in oils. Tliis acid sublimes when heated to 383° ; 
if heat be applied in close vessels, it becomes pellucid like glass ; 
but when exposed to tl^p air, it soon recovers its former appear- 
ance. The specific gravity of tiiis glass is 3*099 ;* that of the 
acid in its usual state is 3*706, -|- and according to Mr. Hare- 
path 3*72».t 

Many experiments have been made to determine the quan- 
tity of oxygen in tliis acid. According to Berzelius, whose 
experiments were made with the greatest care, it is a com- 
pound of 

Arsenic . . 100 

Oxygen . . 31*907§ 

I found that 6*75 parts of arsenious acid when converted 
into amenic acid, became 7*75 parts. It is obvious from this 
that arsenic acid contains just 1 atom more of oxygen tlian 
arsenious acid. 

When arsenious acid is mixed with black flux, and slowly 
heated to ‘t^dness in a matrass or retort, the arsenic is reduced 
to tlie metallic state, and slowly sublimes. By this means the 
metal may be procured in a state of purity. This method of 
reducing arsenic was first pointed out by Brandt, to whom we 
are indebted for the lyiowledge of most of the properties of 
arsenious acfd above described. 

2. Arsenic is capable of conjbining with an additional dose 
of oxygen, and of forming another compound, first discovered 
by Scheele, known by the name of arsenic acid. The process 
prescribed by Scheele is to dissolve three parts of arsenious 
acid in seven parts of muriatic acid, to add five parts of nitric 
acid, to put the mixture into a retort, and distil to dryness. 
The dry mass is to be merely brought to a red heat, and then 
cooled again. It is solid arsenic acid. Mr. Bucholz has shown, 
that the whole quantity of muriatic acid prescribed by Scheele 
is not necessary. The formula which he considers as the best 
is the following : Mix together in a crucible 2 parts of muri- 
atic acid of the specific gravity 1*200, 8 parts of arsenious acid, 
and 24 parts of nitric acid, of the specific gravity 1*25. Evapo- 
rate to dryness, and expose the dry mass to a slight red heat. || 
But the easiest method of procuring* this acid is to dissolve 

arsenic in nitric acidy and evaporate the solution to dryness. 

« 

* According to the experiments of Dr. Wollaston. 

t Bergman, ii. 286* J Phil. Mag. Ixiv. 322. 

§ Afhandlingar, v. 379. 1| Van Mon’s Journal de Chimie. iv. 16. 
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The acid thus prepared has no very strong taste when dry ; x. 
but when dissolved in water, it acquires an excessively sour 
taste, and remains liquid even when evaporated to the con- 
sistence of a jelly. It is as noxious arsenious acid. 

This acid, lilfe phosphoric, Rafter being exposed to a red heat 
does not dissolve completely in water ; but leaves a white 
powder, which, however, is at last dissolved by the* long Con- 
tinued action of the water. When exposed to the air it attracts 
moisture till its specific gravity is reduced to 1*935. fiy evapo- 
ration we obtain a syrupy liquid of the specific gravity 2*55 (as 
determined by Vogel). When concentrated till the temperatme 
rises to 248° it begins to deposite a solid matter. When the 
anhydrous acid is exposed to the air it slowly imbibes moisture, 
and at a certain period forms large crystals (according to 
Mitcherlich), which are more deliquescent than chloride of 
calcium. 

Arsenic acid acts with considerable energy as an acid, com- 
bining with the bases, and forming salts, to which the name of 
arseniates has been given. Mitcherlich has sj^o^fii^at crystals 
of the arseniates and phosphates have the same shape. 

This acid according, to the experiments of Berzelius, is com- ' 
posed of 

Arsenic . . ,100 

Oxygen . . 53*187* 

Thus it appears from Berzelius’s experiments that the oxygen 
in arsenious acid united J;o a given weight of arsenic, is to that 
in arsenic acid as 31*907 t* 53*187,*or as 2 to 3^, or as 3 to 5. 

I found that 4*75 parts of arsenic, when converted into, 
arsenic acid by solution in nitric acid, weighed 7*75, and that 
6*75 parts of arsenious acid when converted into arsenic acid 
became 7*75. From these two experiments I concluded that 
the composition of these two acids was as follows : 

Arsenic. Oxygen. 

Arsenious acid . . 4*75 + 2 = 6*75 

Arsenic acid . . 4*^5 + 3 = 7*75 

But it is ev^ent from the experiments of Dumas on arsenietted 
hydrogen gas, to be mentioned hereafter, that arsenious acid is 
a compound of 1 atom arsenic and atom oxygen, and this 
is confirmed by the analogy between the chloride, iodide, bro- 
mide, sulphuret, and compound of arsenic^ and hydrogen. It . 
is clear then that my experiments must^iave been inaccurate. 
Berzelius’s determination of the constitution of arsenic acid is 
also put beyond doubt by the experiments of Dumas. Indeed 
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the perfect analogy between phosphoric and arsenic acid can 
leave no doubt that their constitution is the same. The con- 
stituents of the arsenious and arsenic acids then are undoubtedly 
as follows : 

Arseniti Oxygen. ‘ Atomic weight. 

Composition. Arsenious acid . . 4'75 + I**’’ • • 6*25 

o Arseaic acid • . . 4'75 + 2*5 . . 7*25 

As arsenious acid is one of the most Adrulent poisons, and as 
its taste js comparatively mild, it is much more frequently 
employed to destroy life than any other substance. In cases 
of death, where poison is suspected, it is frequently requisite to 
examine the contents of the stomach after death in order to 
ascertain whether it*contain arsenic, .and thus produce incon- 
testible proof of the administration of poison. 

cases is to filter the mjitter contained 
niouiacid. jjj stomach, diluted if necessary with a portion of boiling- 
hot distilled water. If the filtered liquid thus obtained be 
colourless or nearly so, a few drops of water impregnated with 
• sulphurette^.>lvydrogen gas is to be added to it. If arsenic be 
present it will asSume a yellow colour, and on adding a drop 
or two of acetic acid a yellow precipitate will fall. If nf> 
arsenic be present the yellow colour will not .appear. When 
the liquid contained in the stomach happens to be dark coloured 
the yellow colour may not appear ; yet if arsenic be jiresent, 
even in very minute quantity, a precipitate will fall within a 
few hours. This precipitate lik*e the former is a sulpliurct of 
iirsenic, and may be employed likc^t'iri the subsequent steps 
requisite for fully establitdiing the presence of arsenic. 

Collect this precipitate on a filter of smooth paper, dry it, 
and mix it with a little black flux,* and j)ut the mixture into 
the bottom of a thin glass tube shut at one end. The tube 
may be 5 or 6 inches long and about \ inch in diameter. 
Take care that the whole mixture is collected at the bottom of 
the tube, and that the inner surface be quite smooth and clean. 
Apply the bottom of thd tube to the flame of a spirit lamp, and 
continue the heat for a few minutes, taking care not to fuse 
the glass. The arsenic will be reduced to the metallic state, 
and subliming will line the inside of the tube about a half inch 
above the mixture, and by directing thq flame upon it, may be 
sublimed as high a» is thought proper. It forms a brilliant 

* Black flux is formed b/heating cream of tartar in a crucible till it ceases 
to give out smoke. It is an intimate mixture of charcoal and carbonate of 
potash. 
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coating on the inside of the tube, having the colour and appear- 
ance of polished steel. To leave no ambiguity whatever, the 
tube may be cut oflF just below the crust of metallic arsenic, 
and tliat portioi^ containing the arsenit?jnay be heated in nitric 
acid. The arsenic will dissolve, and the solution being evapo- 
rated to dryness, will leave arsenic acid, wjiich beiyg diluted 
with water and mixed with a drop of nitrate of silver, will g^ve 
a brick red precipitate. 

Such is the method that I have been accustomed to follow 
in such cases. It succeeds in detecting the presence of as small 
a quantity as x’jjth of a grain. Indeed I have no doubt that 
with due precautions a much smaller quantity might be detected. 
With grain of white arsenic, the reduced arsenic 

might be rendered visible by reducing the diameter of the 
tube sufficiently, and the precipitate of arseniate of silver,by 
taking the precaution to saturate the arsenic acid in the first 
place with an alkali, might be made quite distinct. 

Many other tests of arsenic'have been proposed by chemists. 
But the preceding method will, I believe, alvjays answer. It 
seems, therefore, unnecessary to mention otliers here.* 

3. There are some reasons for believing that arsenic is capa- 
ble of combining with a smaller quantity of oxygen than exists 
in arsenious and arsenic acids. When obtained by sublimation 
from a mixture of black flux and arsenious acid, and collected 
in thin crusts in small Hessiaa crucibles, it sometimes, when 
exposed to the air, soon falls in the state of a blac& powder. 
Berzelius found that 100 parts of ars'lenic when {||us Miiverted 
into a black powder, had increased in >Veight eight’ parts. This 
black poM'^der is insoluble both in water and acids. When 
digested in muriatic acid it recovers the metallic lustre, and 
the acid is found to have taken up a little arsenious acid. It 
may therefore perhaps be only an incipient conversion into 
arsenious acid. If the additional weight were oxygen, the 
black powder would be a trisoxide coqjposed of 
3 atoms arsenic . . 14*25 

•1 atom oxygen . . 1 

15*25 

Like most compounds dbnsisting of two or more atoms of metal. 

* The medical reader who is anxious for farther information may consult 
Dr. Christison on poisons, or Mr. Philip’s paper in the Annals of Philoso- 
phy (2d series), vii. 30 ; Mr. Donovon’s remarks in the Dublin Journal, ii. 
400; and Berzelius’s method, Ann. de Chim. et de Phys. xxxix. 109. 

I. X 
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Chap. IL 


Chloride of 
arsenic. 


Composition. 


with one atom of oxygen, it is possessed neither of the charac- 
ters of an acid nor a base. 

III. Arsenic combines with chlorine and forms a compound, 
which has been called. Chloride of arsenic. , 

It has been long known an5 described in chemical books, 
uij-der th§ name of hutler of arsenic. It may be obtained by 
introducing arsenic into a sufficient quantity of chlorine gas. 
It bums spontaneously with considerable brilliancy, and forms 
the chloride. But the easiest method of procuring this chloride 
in considerable quantity, and pure, is the old one. It is as 
follows: Mix together 6 parts of corrosive sublimate and 1 
part of arsenic, and distil witli a gentle heat in a retort, a liquid 
passes over into the receiver which is the chloride of arsenic. 

Another very easy process has been given by M. Dumas. 
Put into a tubulated retort a quantity of arsenious acid, with 
about 10 times its weight of sulphuric acid. Raise the tem- 
perature to about 212°; then throw into it by the tubulure 
fragments^pf common salt that have been recently fused, to 
expel all moisture. Chloride of arsenic passes slowly into the 
receiver. The heat must be kept up, and additional portions 
of common salt added by degrees. I.ittle or no muriatic acid 
is disengaged; but towards the end of the process, hydrated 
chloride of qrsenic pstsses over into the receiver, and swims 
upon the surface of the anhydrous chloride ; doubtless in conse- 
quence of the sulphuric acid become weaker as the quantity of 
common salt increases.* 

This chloride is transparent and of the consistence of oil. 
It is very volatile. It boils at 270°. Its specific gravity is 
greater than that of water. When heated it readily dissolves 
phosphorus and sulphur ; but allows these bodies to precipitate 
on cooling. It likewise dissolves rosin, and combines with 
olive oil and oil of turpentine.f When mixed with water it is 
decomposed, and arsenious acid precipitates. According to the 
experiments of Dr. Jolm Davy, 2 grains of arsenic, when con- 
verted into chloride, absorb 4 cubic inches of chlorine gas.:}: Now 
4 cubic inches of chlorine gas weigh 3*141 grains. Hence the 
chloride is a compound of 

Arsenic 2 . . or 4*75 

Chlorine 3*114 . . or 7*395 

7*395 a little exceeds IJ atoms of chlorine. There seems no 
doubt from this, that the chloride is a compound of 

• Ann. de China, et de Phys. xxxiii. 360. 

f Dr, John Davy, Phil. Trans. 1812, p. 186. ' 1 Ibid, p. 188. 
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atom chlorine . . 6*75 

1 atom arsenic . . 4*75 


, 11-50 

It is therefore a sesquichloride <Jf arsenic. 

Dum^ found the specific gravity of the vapour of this chlo- 
ride to ■ be 6-3006.* Now if we consider tins sesqufchloridft 
in the state of vapour to be a compound of 
1-^ volume chlorine, 7 condensed into one volume, we 

1 volume arsenic vapour, 5 shall liave the specific gravity of 
arsenic vapour by subtracting 1-^- volume of chlorine = 3-75 
from 6-3006, the specific gravity of the |esquichloride in 
vapour. The remainder 2-5506 ought to be the specific g^vity 
of arsenic vapour. From the specific gravity of arsenietted 
hydrogen to be noticed immediately, the specific gravity of 
arsenic viipour is found to, be 2-591. 

It is a law that holds with the g^reater number of gases and 
vapours, that if we multiply th« atomic weight by 0-5555, the 
product will be the specific gravity of the vapour or g&s. Now 
4-75 (atom of arsenic) X 0-3555 = 2-6988; a number some- 
what higher than that resulting from the specific gravities 
as determined by Dumas ; but the atomic weight of arsenic 
pitched upon by Dumas, namely, 4-7, wj>uld give us 2-5111 
for the specific gravity of arsenic vapour ; which *is nearly as 
much below the specific gravity found as mine is above it. 
Berzelius’s number is 4-70;383, which gives also a specific 
gravity too low. 

Perhaps, iu the present state of our knowledge, it will be 
safest to deduce, the specific gravity of the vapour of sesqui- 
chloride of arsenic from the atomic weight of arsenic 4-75. It 
will be 6-4888. This munber is about 3 per cent, higher than 
the specific gravity actually found by Dumas — a difference 
which a very small admixture of common air would account for. 

From an observation of Dumas, it is .not improbable that 
there is another chloride of arsenic containing more chlorine 
than the sesqjiichloride. WTien sesquichloride of arsenic is 
formed by passing a current of dry chlorine gas over arsenic in 
powder in those parts of the apparatus where the arsenic is in 
contact with an excess «of chlorine, a white solid matter is 
formed, which is probably similar in its cdknposition to the 
perchloride of phosphorus.'l' But the nature of this substance 
htis not yet been investigated. 

• Ann. tie Chim. et tie Phys. xxxiii. 361. 


SectX. 


f Ibid. 359. 
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Chap. n. 


Bromide. 


Iodide. 


IV. The bromide of arsenic was first described by Serullas. 
As soon as arsenic comes in contact with bromine, it burns 
with a strong light, and the evolution of much heat, and a 
transparent colourlefit. liquid is formed, which is the bromide 
in question. The best way of forming it is to put a quantity 
of bromine into a tubulated retort, and to throw into it pul- 
verized arsenic by a little at a time, till it ceases to take fire. 
After each addition, the retort must be gently agitated. The 
combustion takes place like that of potassium on water. When 
the compound is formed it may be distilled over into a receiver, 
and thus freed from all excess of arsenic. 

Bromide of arsenic becomes solid when cooled down to 68®, 
and it liquefies when raised to a temperature a few degrees 
higher. It boils and may be distilled over at 428°. Its colour 
has a very slight sliade of yellow. On solidifying it crystallizes 
in long prisms. It absorbs mois^re from the atmosphere. 
When mixed with water it is immediately decomposed into 
hydrobromic acid and arsenibus acid. It was subjected to 
analysis by Serullas. He has not given the particulars of 
his experiments, but only the general results. From which it 
appears that the compound is a sesquichloride, composed of 
atom bromine . . 15 

1 atom arsenic . . 4*75 

19-75 

So that its atomic weight is 19-75.* 

V. It appears, from the experiments of Plisson, that the best 
way of forming the iodide of arsenic is to mix -l;pgether 3 parts 
of arsenic in fine powder, 10 parts of iodine, and 100 parts of 
water, and to digest this mixture till the smell of iodine dis- 
appears. The clear liquid is now decanted off, and subjected 
to evaporation. At .a certain degree of concentration, red 
crystals of iodide of^^pienic are deposited. To obtain the 
iodide in a state of <,punty, we must evaporate the liquid to 
dryness, and heat the dry mass that remains till it melts. After 
cooling, it has a brick red colour, and a crystalline textOip. 
It is destitute of smell. When heated in close vessels, 

and sublimes, and on cooling, it resumes its former app^urance ; 
but a portion of it is decomposed.' In a large quality of 
water it dissolves ; . but when mixed with a small quantity of 
water, that liquid imdergoes decomposition; hydriodic acid 
and arsenious acid being formed. 

* Ann. de Cfaim. et de Phys. xxxviii. 319. 



ARSENIC. 


309 


This iodide has been subjected to analysis by Plisson, and *• 
there is reason to conclude from his experunentS} that it is a 
sesquiodide, or a compound of 

1^ atqm iodine ^ . *• 23’625 

1 atom arsenic . . 4*75 


28-375 

So that its atomic weight is 28-375.* 

VI. Fluoride of arsenic was obtained by Unverdorben. nuoride. 
His method was to distil a mixture of fluor spar, arsenious 
acid, and sulphuric acid, in a leaden or platinum retort. A 
fuming colourless liquid passes over, which is the fluoride in 
question. This liquid smokes, and has a specific gravity of 
2-73. When it comes in contact with water or glass, it is 
decomposed. In the first Case, it is converted into fluoric acid 
and arsenious acid. It iiUiist therefore be a compound of 
1^ atom fluorine . . 3-375 

1 atom arsenic . . 4-75 


8-125 

So that its atomic weight must be 8-125.f 

VII. Arsenic combines with hydrogen and forms a com- AtMoictted 
pound, which has been called arsenieited Hydrogen gas. hy<iroge“ •* 

It was discovered by Scheele during his experiments on 
arsenic acid-j; It was afterwards* noticed by Proust during his 
experiments on tin.§ In «the year 1803, an elaborate set of 
experiments on ifewas publislied by Tromsdorf.|| In' 1806, a 
very valuable set of experiments was made upon it by Pro- 
fessor Stromeyer.^ It was examined in 1808 by Gay-Lussac 
and Thenard, during their experiments on potassium.** But 
the most important set of experiments on it hitherto published, 
are those of Dumas.ff 

It may be obtained by dissolving fl^^uriatic acid an alloy 
of arsenic and tin, or an alloy of zinc aind arsenic. Gehlen, 
who fell a victim to his experiment on this gas in 1815, pre- 
ll^d it by hfeating arsenic in an alkaline ley. Whatever 


* Aim. de Chim. et de Pjjys, xxxix. 265. 

^ Berzelius’s Chemistry, ii. 443. 

1 Scheele’s Memoires de Chimie, i. 182. 

§ Ann. de Chim. xxviii. 215. || Nicholson’s Journal, vi. 200. 

1 Nicholson’s Journal, xix. 381. 

** Recherches Physico-chimiques, i. 229. 

•{••I* Ann. de Chim. et de Phys. xxxiii. 358. 
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Chap. II, method we employ to prepare it, we never obtain it pure. It 
is always mixed with a very large proportion of hydrogen gas. 

Its purity is easily determined by exposing it to the action 
of a saturated solutidn of suljihate of copperj The arsenietted 
hydrogen is absorbed and tlie hydrogen gas remains. Dumas 
found that 100 volumes of the purest gas which he could pro- 
cure was a mixture of 

From 30 to 28 arsenietted hydrogen g^s. 

70 to 72 hydrogen gas. 

Arsenietted hydrogen gas, thus formed, is colourless, has a 
nauseous smell, is not sensibly absorbed by water, extinguishes 
flame, and destroys animal life. It burns with a blue flame ; 
and if the neck of the vessel containing it be narrow, the arsenic 
is deposited. Wlien mixed with oxygen and brought in con- 
tact with a lighted taper, an explosion takes place, and water 
and arsenious acid are formed. Arsenietted hydrogen gas is 
not altered by common air, azotic gas, nor hydrogen. Nitrous 
gas occaviops a diminution of about two per cent. Sidphuretted 
hydrogen giis*bccasions no change in it ; but if chlorine gas be 
added to the mixture of these two gases, the bulk diminishes, 
and yellow-coloured flakes are deposited. Hence these two 
gases furnish us with a delicate test for detecting tlie presence 
of arsenietted hyrlrogen. Concentrated nitric acid, wlien sud- 
denly mixed with this gas, causes an evolution of red fumes, 
and an explosion accompanied with flame. 

When tin is melted ^n this g^s the arsenic is absorbed and 
the hydrogen set at liberty, as Gay-Lussac and Thenard first 
showed. Dumas found that a volume of this gas when heated in 
this way left li volume of hydrogen gas. He found that for 
complete combustion 1 volume of this gas requires 1 ^ voliune of 
oxygen. Tlie products are water and arsenious acid. Now 
1"5 volume of hydrogen require 0*75 volume of oxygen. There 
remain for the arsenic 0*75 volume of oxygen ; which is equi- 
valent to an atom anti a lialf. There can be no doubt that the 
gas is a compound of 

Composition. volume of hydrogen gas, 1 condensed into 1 volume. 

1 volume of arsenic vapour, 3 Hence we see that a volume 
of arsenic vapour, wliich is equivalent to an atom, requires 
for conversion into arsenious acid to combine with 1 ^ atom of 
oxygen. *. 

The specific gravity of arsenietted hydrogen gas, as deter- 
mined by Dumas, is 2*695. If we subtract from this gravity, 
0*10416 (1^ volume hydrogen), the remainder 2*591 will 
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indicate the quantity of arsenic contained in a volume of the s®®*- 
gas. The gas then is a compound of 

Hydrogen . . 0*10416 

^scnic ^ . *• 2*591 

Now these numbers are proportional to 

Hydrogen . . 0*1875 

Arsenic . . 4*664 

The first of these numbers represents the weight of 1|^ atom 
hydrogen. The second 4*664, is the weight of an atom of 
arsenic. It is a little below the number 4*75, which I have 
pitched upon for the atomic weight of arsenic ; owing doubt- 
less to difficulty of determining the specific gravity of arse- 
nietted hydrogen with perfect accuracy. The weight of a 
volume of arsenic vapour deduced from the atomic weight 
4*75 is 2*6888. Consequently, if that weight be accurate, as 
1 think it is, arsenietted hydrogen is a compound of 

1^ volume hydrogen gas . . 0*10416 

1 volume arsenic vapour . . 2*68888 

2*79305 

And its true specific gravity must be 2*79305? This differs 
by about 4 per cent, from th<^ experimental result of Dumas. 

Tliere is a solid compound of arsenic and hydrogen, which 
was first noticed by Ritter. It is obttiined when a rod of 
arsenic is attached to tlie negative pole of a galvanic battery 
and plunged into water, while a wire from the positive pole 
plunges into the same liquid. The hydrogen of the water 
instead of being disengaged unites to the arsenic, and brown 
flocks are disengaged which constitute the hydret of arsenic 
in question. It may be collected and dried without alteration, 
and is not even decomposed though Jieated to a cherry red in 
azotic gas : but when heated in air or oxygen gas it catches 
fire, and water and arsenious acid are formed. 

VIII. Nothing is yet known respeQ(;ing the combinations 
of arsenic with azote, carbon, boron, or silicon. 

IX. Arsenic combtnes readily with phosphorus. The phos- rhosphuret. 
phuret of arsenic may be formed by distilling equal parts of • 

its ingredients over a moderate fire. It is black and brilliant, 
and ought to be preserved in water. It may be formed like- 
wise by putting equal parts of phosphorus and arsenic into^ a 
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Chap. II. sufficient quantity of water, and keeping the mixture mode- 
rately hot for some time.* 

suiphuret X. Sulphur and arsenic unite in different proportions. 

, Four different sulphurets of arsenic are knowfi, and have been 
accurately analyzed. “ 

Realgar. 1. Sulphuret or realgar. If we put a mixture of these two 

bodies into a covered crucible and melt them, a red vitreous 
mass is obtained, which is obviously a sulphuret of arsenic. 
It may be formed also by heating together arsenious or arsenic 
acid and sulphur ; but in tliat case a portion of the sulphur 
absorbs the oxygen from the arsenic, and makes its escape in 
the form of sulphurous acid gas.f Hhis sulphuret of arsenic 
is found native in different parts of Europe. It is usually 
called realgar. It has a scarlet colour, and is often crystallized 
in transparent prisms. Its specific gravity is 3‘3384.J It is 
tasteless and not nearly so hurtful as the oxides of arsenic, 
though Macquer affirms that it is poisonous.§ It is sometimes 
^ used as a paint. 

This sulphiiioj, according to the experiments of Berzelius, 
is composed of 

Arsenic . . 100 

Sulphur . . 42*85 

Now 42*85 is to 100 as 2 to 4*667. These two numbers are 
«o near the atbmic weights of the two bodies, that we can have 
no doubt that realgar is a compound of 

1 atom sulphur . ,. 2 

1 atom arsenic . . 4*75 

6*75 

and that its atomic weight is 6*75. 

When 24 parts of nitre, 7 of flowers of sulphur, and 2 of 
realgar, are triturated together, they form a mixture which burns 
with an exceedingly white flame and great splendour. It is 
known by the name of ^hite Indian fire, and is occasionally 
used in fire-works and in theatres when a very splendid 
combustion is wanted. • 

Sesquisulphu- 2. Sesquisulphuret iff arsenic or orpiment. If arsenious acid 
be dissolved in muriatic acid, and a solution of -sulphuretted 
hydrogen in water be poured into the*liquid, a fine yellow- 

* Pelletier, Ann. de Chiip. xiii. 139. ' 

t Proust ; Jour, de Pbys. liii, 94. | HaUy’s Mineralogie, iv. 228. 

§ Hoffman informs us, that he gave two scruples of it to a dog without 
any bad eibets wiMibever. Observ. Physico-Chemico-Select. p. 236. 
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coloured powder fidls to the bottom. This powder is usually *• 
called orpiment. It may be formed by subliming arsenic and 
sulphur by a heat not sufficient to melt them. This substance 
is found native. It is composed of thjn plates, which have a 
considerable degree of flexibility. Its specific gravity is 
3*4522.# It has been supposed by some qjfiemists, ,that o^i- 
ment differs from realgar merely in containing a smaller pro- 
portion of sulphur ; by others, that the arsenic exists in it in 
the state of an oxide ; by others, that it contains sulphuretted 
hydrogen. But Mr. Proust has ascertained, that when heated 
sufficiently it melts without emitting any gas, and on cooling 
assumes the appearance realgar .f Haiiy observed tliat the 

figure of their crystals is the same. Hence he was led to 
consider them as different forms of the same substance, con- 
formably to the opinion of Proust. J This induced Laugier to 
make a set of experiments to elucidate the subject.§ The 
result of his experiments was that sulphuret of arsenic, artifi- 
cially prepared, is composed bf ^ 

Arsenic . . 58^ • . 100 

Sulphur . . 41| . . 71*42 

But Berzelius has shown that the experiments of Laugier were 
inaccurate in many respects. It follows from the observations 
of Berzelius that orpiment is a compound of 
Arsenic . . 61 

Sulphur •!. . 39 

Now 39 is to ffl as 3 (J|- atom sulphur) to 4*692, which is 
very nearly an atom of arsSnic. It* is evident from this that 
orpiment is a compound of 

14 atom sulphur . . 3 

1 atom arsenic . . 4*75 

7*75 

and that its atomic weight is 7*5®. 

3. Sulphide of arsenic. || When a rfmrrent of sulphuretted suiphida, 
hydrogen gas is passed through a moderately concentrated solu- 
tion of arsenic acid in water a yellow coloured precipitate fall% 

■# 

• Haiiy, iv. 235. f Jour, de Phys. liii. 94. 

^ Ann. de Chim. lxxxv.*36. § Ibid. ^ . 

II I adopt this name of Berzelius for want of a better to distinguish this 
compound from the preceding. But in the subsequent part of this work I 
shall use the term sulphide to denote those compounds of sulphur and a 
base which possess acid properties. All the compounds of sulphrar- and 
arsenic are in reality stdphides. 
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very much resembling orpiment in appearance. The nature of 
this precipitate was first recognised by Berzelius. It is much 
less fusible than sulphur, and when fused its colour becomes 
deeper and reddish. . *It sublimes unaltered and forms a 
brownish red mass not die least crystalline in its texture, 
^y^en bojled with, alcohol a little sulphur is dissolved, which 
crystallizes as the liquid cools. It reddens tincture of litmus 
when boiled with it ; but the blue colour returns when the 
liquid cools. The alkaline hydrates and concentrated ammonia 
dissolve it. It decomposes the hydrosulplmrets and the car- 
bonates. According to the analysis of Berzelius it is com- 
posed of 

Arsenic . . 100 

Sulphur . . 106*91 

Now 100 is to 106*91 as 4*75 to 5*078. But 5*078 is almost 
exactly 2^ atoms of sulphur. It is obvious from this that the 
sulphide of arsenic is a compound of 

^ 1 atom arsenic ' . . 4*75 

2^ utoms sulphur . . 5 


9*75 

and that its atomic weight is 9*75. 

Fenuiphurct. 4. Pcrsulp/iuret of arsenic. This compound was also dis- 
covered by Berzelius. It may be obtained by precipitating a 
neutral solution of sulpharseniate of potasli or soda by means 
of alcohol, filtering the liquid and distilling off the half, or at 
most two-thirds of tlie alcohol. 'Yv^hon the residual liquid is 
allowed to cool it deposites groups of yellow brilliant crystals, 
exceedingly bulky and light. With these crystals are mixed 
small particles of an alkaline sulphuret. This persulphuret, 
according to the analysis of Berzelius, is composed of 
Arsenic . . 20*61 

Sulphur . . 79*39 


100 * 

Now 20*61 is to 79*39 as 4*75 to 18*29. And ^8*29 comes 
very near the weight of 9 atoms of sulphur. It is clear from 
this that persulphuret of arsenic is a compound of 
1 atom arsenic . .'* 4*75 

9 atoms sulphur . . 18 


* Chemistry, ii. 440. 


22*75 
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Its atomic weight is 22*75, and it contains just twice as much 
sulphur as the sulphide. 

XI. Selenium, when in a state of fusion, dissolves arsenic scicniet, 
by degrees. ^ The excess o/ either body sublimes if the heat 
be continued, and we obtain the seleniet of arsenic in the 
state of a black and very fusible mass. #When heated to red- 
ness, it boils, and a portion sublimes, which Berzelius considers 
as a biseleniet of arsenic. The boiling soon terminates, and 
the matter remains in a red heat, without any agitation. At 
a white heat it distils over in drops. When cold, it has a 
blackish brown colour. It has a vitreous fracture.* 

SECTION xr. OF ANTIMONY. 

The ancients were acquainted with an oxide of antimony History, 
to which they gave the names of ohiiiii and stibium. Plinyf 
informs us, that it was found in silver ore ; and we know tliat 
at present there arc silver oresj in which it is contained. It 
was used as an external Application to sore ey£S ; and PUi^ 
gives us the method of preparing it.§ IhoiS probable that a 
dark bluish grey mineral, of a metallic lustre, M*as also known 
to them by the same names. It certainly bore these names as 
early at least as the eighth century. This mineral is com- 
posed of the metal now called antimony and^ sulphur ; but it 
was known by the name of antimony ever since the days of 
Basil Valentine till very lately. The metal itself, after it was 
discovered, M*as denominated regulus of antimony: The Asiatic |1 
and Grecism ladies employed thil mineral to paint their eye- 
brows black. But it does not appear that the ancients con- 
sidered this substance as conttiining a metal, or that they knew 
our antimony in a state of purity .1[ Who first extracted it 
from its ore we do not know ; but Basil Valentine is the first 
who describes the process. To his Currus Triumphalis Anti- 
monii, published towards the end of the fifteenth century, and 
to the exertions of those medical idchymists who followed his 
career, we are indebted for almost all the properties of this 
substiincS yet known. 

* Berzelius, Ann. de Chira. et dc Phys. ix. 250. 

f Pliny, lib. xxxiii. cgp. 6. ij; Kirwan’s Miner, ii. 110. 

§ Pliny, lib. xxxiii. cap. 6. (I 2 Kings, 30, and Ezek. xxiii. 40. 

If Mr. Roux, indeed, who at the request ©f Count Caylus analyzed ah 
ancient iniiTor, found it composed of copper, lead, and antimony. This 
would go far to convince us that the ancients knew this metal, provided it 
could be proved that the mirror was really an ancient one; but this point 
appears to be extremely doubtful. 
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No metal, not even mercury nor iron, has attracted so much 
of the attention of physicians as antimony. One party extolled 
it as an in&llible specific for every disease: while another 
decried it as a most virulent poison, which ought t(\be expunged 
from the list of medicines. Lemeri, about the end of the 17th 
centu^, was ^ the first chemist who attempted a rational account 
of its properties; and Meuder, in 1788, published the first 
tolerably accurate analysis of its ores.* But the number of 
writers who have made this metal their particular study is so 
great, that it would be in vain to attempt even a list of their 
names. Bergman, Berthollet, Thenard, Proust, and Berzelius, 
are the modern chemists who have thrown the greatest light 
upon its properties.f 

Antimony, as it is met with in commerce, is never quite 
pure ; but it may bo^purified by the following process ; Reduce 
it to a fine powder, and mix it with its own weight of antimonic 
acid, and fuse it in a crucible. The impurities are all oxy- 
djzed and separated by the oxygen of the antimonic acid, and 
the metal remairis'dn a state of purity. 

Pure antimony has a silver white colour and a good deal of 
lustre. Its texture is fibrous, or perhaps composed of very 
fine plates ; but it does not present the broad laminated tex- 
ture of the antiipony of commerce. It is easily crystallized by 
fusion and slow cooling. The primary form of its crystals is 
the octahedron. It is quite brittle and easily reduced to 
powder in a mortar. Its specific gravity, as determined by 
me, is 6*4366. Mr. Hatchett found ‘^tliat of the antimony of 
commerce 6*712. Brisson states it at 6*702, and Bergman at 
6*86. According to the experiments of Dr. Cromwell Mor- 
timer, it melts at 810“ ; or just when heated to redness. J 
When heated to whiteness by the blowpipe, and thrown upon 
the table, it burns for some time with great splendour, giving 
out a white smoke, and rolling about upon the table. It par- 


* Analysis. Antimonii Physico-chim. Rationalis. » 

f The word alcohol, which is still employed in chemistry, was, if we 
believe Homerus Poppius Thallinus, first applied to this mineral. “ Hispa- 
nicis mulierculis ejus usus in ciliorum pulchritudine concilianda fuit usita- 
tiss^mus: pulverem autem^vocabant alcohol (quse vox etiam adhuc in Her- 
nieticorum laboratoriis sonat)^ unde antimonium crudqfii et nondum con- 
tusum piedra de alcohol nominarunt.” It was known among the alchymists 
by a great variety of absurd names ; such as Othia, alkofol, alkosol, aries, 
Saturnus philosophorum, magnesia Satumi, filius et nothus Saturni. 

J Phil. Trans. 1747, p. 672. 
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ticipates this property with tin and bismuth. At a white heat 
it may be distilled over. 

II. When exposed to the air, it undergoes no change tocept 
the loss of i^ lustre. Neither is it altered by being kept undor 
water. But when steam is made to pass over red-hot anti- 
mony, it is decomposed so rapidly, that ^ violent, detonation is 
the consequence.* 

When heated in an open vessel, it gradually combines with 
oxygen, and evaporates in a white vapour. This vapour, 
when collected, constitutes a white coloured oxide, formerly 
called argentine flowers of antimony. When raised to a white 
heat, and suddenly agitated, antimony bums, and is converted 
into the same white coloured oxide. 

The oxidei'of antimony have been investigated with con- Oxide«r 
siderable care by Thenard,f Proust, J BoipHBlz, and Berzelius. $ 
According to Thenard, this metal forms no fewer than six 
oxides; according to Proust and Bucholz, whose researches 
coincide with those of Proust, it forms onl^ two ; wh^e 
according to Berzelius it Is capable of fc«Aing four oxides. 

The protoxide of Berzelius was obtained by exposing antimony 
to the air or to the action of the galvanic battery. It was a 
grey powder. When acted on by muriatic acid it was separ- 
ated into the protoxide of Proust and metallic antimony. 

Heilfce it is probably merely a mixture of the two. The two 
oxides of Proust are easily*obtained and possess specific char- 
acters. Berzelius has shown that the second of them possesses 
the properties of an acid. The peroxide of Berzelius is also 
readily obtained ; though it is not easily freed from water. It 
likewise possesses the properties of an acid. We know therefore 
three compounds of antimony and oxygen. The oxide is grey, 
antimonious acid is whiter and aniimomc acid is straw yellow. 

1. The oxide of antimony may l)e obtained by the fol- iVotoxide. 
lowing process. • Dissolve antimony in muriatic acid, and dilute 
the solution with water : a white pradipitate appears, composed 
of the protoxide of antimony combined with a little muriatic 
acid. II Wash this precipitate with water, and boil it for some 

• Lavoisier and Meusnier, Mem. Par. 1781, p. 274'. 

'}' Ann. de Chim. xxiii. 259. ^ Jour, de Phys. Iv. 328. ^ 

§ Nicholson’s 8llturnal, xxxiv. 241, 343, and x?cxv. 38. — Annals of Philo- 
sophy, iii. 248. •* 

y The white powder thus obtained was formerly called powder of Algap 
roth, from Victor Algarothi,a physidan in Verona, who first procured it in 
that manner from muriate of antimony. 



318 


Chap. II. 


Properties. 


Glass of an- 
timony. 


Antimonlous 

aciil. 


SIMPLE ACIDiriABLE BASES. 

time in a solution of carbonate of potash. Then wash it well, 
and dry it on a filter.* 

According to Berzelius, it may be obtained also by oxydiz- 
ing antimony by means of nitric acid, and washing the matter 
formed with water, till it ceases to redden litmus paper. It is 
then to be dried. 

Oxide of antimony has usually a dirty white colour. When 
obtained by sublimation, or in the state known by the name of 
argentine flowers of antimony, it has a white colour and a 
beautiful silky lustre. When heated it assumes a yellow 
colour. Wlien rapidly heated to redness in an open vessel, it 
glows like tinder, and is converted into antimonious acid. 
When heated to redness in a retort, it melts and forms a yel- 
low coloured liquid, which crystallizes on cooling, and assumes 
a pearl grey colour. It may be sublimed or distilled over at 
a red heat, in vessels freed from air or oxygen gas. By this 
easy fu^bility and volatility, it is readily distinguished from 
Ijhe oth^r oxides of antimony. This oxide enters as a base 
into the compoffc^ salt called tartar enietic. But with this 
exception it seems rather to possess the character of an acid 
than a base. For it combines with j)otash, soda, and ammonia, 
and forms with them cryshdline salts, little soluble in water. 
This oxide diss^olves very readily in muriatic acid. 

What is called glass of antimony, is nothing more than this 
oxide combined with some sulphuret of antimony, and some 
silica derived from the crucible. It is. prepared by roasting 
sulphuret of antimony in pcJu^der, till the greatest part of the 
sulphur is driven off. The residue is then fused in a clay 
crucible. This glass is usually employed for the manufacture 
of tartar emetic. The whole process consists in boiling this 
glass reduced to a fine powder with cream of tartar and water, 
drawing off the liquid from the undissolvcd portion, and setting 
it aside to crystallize. Care should be taken that the boiling 
is continued long enough, to saturate the bitartrate_of potash 
wdth oxide of antimony. 

Glass of antimony has a brownish yellow colour^ a certain 
degree of transparency, a glassy fracture, and it is quite taste- 
less. When the jjroportion of sulplmret of antimony is con- 
siderable, the glass is opaque and of a livter colour. [^Itjs then 
called liver of antimony , 

2. Antimonious acid *is easily obtained by oxydizing anti- 


* Proust, Jour, de Phys. Iv, 328. 
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'mony by means of nitric acid evaporating to dryness, and sectxL 
exposing the residual matter to a red heat. It has a fine 
white colour ; but becomes yellow when heated. It cannot be 
fused nor sublijped at a red heat ; nor indeed does it undergo < 
any alteration by exposure to a strong heat; except that it 
becomes less easily acted on by acids or bapes. , 

It is not nearly so easily reduced to the metallic state when 
heated with charcoal as oxide of antimony. Heated before 
the blowpipe in the interior flame, it evaporates without leav- 
ing any metallic button. When heated with a mixture of 
charcoal and potash, it may be obtained in the metallic state. 

When fused with potash or its carbonate, a compound is 
formed which dissolves in water, from which the antimonious 
acid is precipitated by the addition of water in the state of an 
hydrate. According to the experiments of Berzelius, it is a 
compound of 94*74 antimonious acid and 5*26 water. It will 
appear immediately that it is a compound of 3 atoms a^^imo- 
nious acid, and 1 atom water'; or it is a trishydrate^of ai^Rmp- 
nioiis acid. 

This hydrate is soluble in muriatic acid, though the anhy- 
drous antimonious acid dissolves only exceedingly slowly. 

When the solution is diluted with water, the antimonious acid 
precipitates after a certain time. 

Berftelius found that 100 parts of pure antimony, when con- composition, 
verted into antimonious acidy give 124*8 parts of tliat acid.* 

Hence antimonious acid is a compound of 

Antimony * . t 100 

Oxygen . . 24* 8 

He found also that when 124*8 parts of antimonious acid are 
mixed with 3S^ parts of antimony, the whole is converted into 
oxide of antimony, weighing 158*13.t It is obvious from 
these experiments, that oxide of antimony is a compound of 
133} antimony, and 24*8 oxygen ; while antimonious acid is 
a compound of 100 antimony, and 2d:*B oxygen, or, in other 
words, we have the constituents of these bodies as follows : 

* Antimony. Oxygen. 

Oxide of antimony . . 100 -}■ 18*6 

Antimonious acid . . 100 + 24*8 

Now the numbers 18*B and 24*8 are to e^ch other as 3 to 4, 

If therefore we consider oxide of antimpny as a compound of * 

1 atom antimony, and 1 atom oxygen, it is clear that antimo- 

* Ann. de Chim. et de Phys. xvii. 17. f Ibid. p. 18. 
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Cluv^ II. 


Antimonic 

acid. 


nious acid must be a compound of 1 atom antimony, and 
atom oxygen; and the atom of antimony will be 5*375. 

3. Antimonic acid may be obtained by dissolving antimony 
in aqua regia, evaporating the solution to jiryness, adding 
nitric acid to the residue, and heating it till all the nitric acid 
is^expellqd. We, must beware of raising the temperature to 
redness, otherwise the antimonic acid will lose oxygen, and be 
converted into antimonious acid. 

Antimonic acid is obtained also, when antimony in powder 
is mixed with six times its weight of nitre and exposed for an 
hgiu in a silver crucible to as strong a heat as the crucible can 
nl^. The potash and nitre are then to be washed off with 
water. The white powder remaining is to be digested for a 
long time in muriatic acid to deprive it of the potash which it 
contains. It is then to be dried and exposed to a heat suffi- 
ciently strong to drive off the water with which the oxide 
still continues united. 

It is a^straw coloured powder, tasteless and insoluble in 
water. Wheif^Jigested with the alkaline carbonates in solution 
in water, it does not decompose them ; but when heated to- 
gether with them in a crucible, the carbonic acid is driven off, 
and antimoniates formed. It dissolves in boiling caustic pot- 
ash. The aqjds precipitate from this solution a white powder, 
which is a hydrated antimonic acid. This hydrate Reddens 
litmus paper, and dissolves botlt* in muriatic acid and in caustic 
alkaline leys. When the muriatic acid solution is diluted with 
a little water, the antimonic acid gradually precipitates ; but, 
according to L. Gmelin, if it be mixed at once with a consid- 
erable quantity of water, no precipitate appears. This is not 
the case with the muriatic solution of antimonious acid. 

When this hydrate is heated, 100 parts of it give out 5*09 
parts of water. The anhydrous acid assumes a yellow colour, 
and loses the property of reddening litmus paper. When 
antimonic acid is heated to redness, it gives out oxygen, and 
is converted into antimonious acid. 

I found that 5^ parts of antimony, when converted into 
antimonic acid, become parts, and that when 100 grains of 
antimonic acid were heated to redness, they gave out above 
.18 cubic inches of, oxygen gas. I found also that 7^ parts of 
antimonic acid, when converted into antimonious acid, weighed 
7 parts.* 


. * Annals of Philosophy (2d series), ii. 124. 
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But Berzelius, who resumed the investigation of these oxides sectxi 
after the appearance, of my experiments, found that 100 parts ' 

of antimony, when united with oxygen, and converted into 
antimonic acid, weighed only 131 parts ; while, in my trials, 
the increase waif from 100 to 136*3. I* do not know on what 
this difference in our results can depend, unless I had not 
sufficiently dried my antimonic acid to expdl the whble water 
and nitric acid. The difference on the scale on which my 
experiments were made, would have amounted almost to 0*3 
grain, a difference which could not have escaped detection. 

The remarkable analogy between arsenic and antimony 
(which Rose has shewn to be isomorphous bodies) induces lim 
to consider the result of Berzelius as the correct one. For If 
100 antimony to form oxide combines with 18*6 oxygen, and 
to form antimonic acid with 31 oxygen, then the constitution 
of oxide of antimony, and antimonic acid, will be precisely the 
same as that of arsenious and arsenic acid. For 18*6 is to 31 
exactly as 3 to 5. 

But if we confide' in the analysis of Berzelii^ th6 oxygen 
in the oxides of antimony is as the numbers 3, 4, and 5. 

How, then, shall we view the composition of these oxides? 

If the oxide be a compound of 1 atom antimony, and 1 atom 
oxygen, then the composition would be 

Antimony. Oxygen. ' Atomic weight. 

1 Oxide ... 1 atom + 1 atom 6*375 

2 Antimonious acid . f + H 6*708 

3 Antimonic acid * ,1 • + If 7*041 

Numbers so exceedingly complicated, that they can never 
represent the real constitution of these bodies. 

If, in consequence of the analogy between arsenic and 
antimony, we consider the oxide as a compound of 1^ atom 
oxygen, and the antimonic acid of 2 ^ atoms oxygen, with an 
atom of antimony, then the atom of antimony will become 8, 
and we shall liave the constitution of the^e oxides as follows : 

Antimony. Oxygen. Atomic weight. 

1 Oxide ... 1 atom + 1*5 atom 9*5 

2 Antimonious acid . 1 -t- 2 10* 

3 Antimonic acid . 1 ^ 2*5 10*5 

This is a much simpler view of the.subject ; and as it preserves 
the analogy between antimony and arsenic, d am disposed to 
adopt it. We might get rid of the anoiqaly of the 2^ atonrs 
of oxygen in antimonic acid, by considering it as a compound 
of two atoms of antimonious acid, and 1 atom of oxygen. This 

I. Y 
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Chap. II. would make its atomic weight 21. Now Berzelius found anti- 
moniate of potash a compound of 

Antimonic acid . . 22‘8 

Potash . . 6 

28-8* 

■\<liich rrfther corroborated this way of viewing the acid. For 
6 is the atomic weight of potash, and 22*8 approaches 21, 
the atomic weight of antimonic acid on our supposition. I am 
therefore disposed to consider the atomic weight of antimonic 
acid as 21. 

He found antimonite of potash a compound of 
Antimonious acid . . 19*6 

Potash .... 6 


25-6 

Now as there is no reason for considering the atom of anti- 
monious ^acid any thing but 10, tliis salt must have been a 
hinantimonitfin. So also may be the antimoniate analyzed. 
We have therefore no satisfactory evidence from these analyses 
of the atomic weight of antimonic acid. 

Chlorides. III. So far as we know at present, clilorine and antimony 
combine oidy in two proportions, and form two chlorides, 
analogous to the oxide of antimony and antimonic acid.f 
^quichio- 1. It has been long knowrhtthat when a mixture of 2 parts 
of corrosive sublimate and 1 part pf antimony is distilled, a 
fatty mass of a greyish tv^hite colbur comes over, often crystal- 
lized in four-sided prisms. This substance was formerly dis- 
tinguished by the name of butter of antimony. It melts at a 
moderate heat, is very volatile, and is decomposed when mixed 
with water into hydrochloric acid and oxide of antimony, with- 
out any trace of antimonious or antimonic acid. It is obvious 
from this, that it is a sesquichloride, or compound of 
atom dilorine . . 6.75 

1 atom antimony . . 8 

a ■ 

14-75 


* Ann. de Chim. Kxxvi. 242. 

f I described, in my First Principles/* another chloride, which I called 
dicMoride of antimony, 'But I have since found that it contained a notable 
quantity of chloride of lead. It was only therefore a mixture of chlorides 
of lead and antimony- 
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So that its atomic weight is 14*75. It was subjected to an sect xi, 
analysis by M. H. Rose, who obtained ^ 

Chlorine . . 46*73 

Antimony . . 53*27 

^ • 

100 * 00 * 

The chlorine was a little in excess, becaifse the chloride *01 
silver, from which it was deduced, was not quite free from 
sulphuret of silver. But these numbers give us. 

Chlorine . . 7 

Antimony . . 8 

The excess of chlorine amounts only to part. 

2. The other chloride is obtained by passing a current of ^“chloride, 
dry chlorine gas over heated metallic antimony. The anti- 
mony burns vividly in the gas, emitting sparks, while, at tlie 
same time, a volatile liquid is formed, which is the chloride. 

It is a white liquid, or having only a light yellowish tinge. 

If the antimony contains irqn (as is frequently the case), 
chloride of iron is also formed, and mixed witji tlfis liquid ; 
but the chloride of iron is left behind when the liquid chlo- 
ride, which we sliall call perchloride of antimony^ is distilled 
over. » 

The perchloride of antimony has a strong and disagreeable 
smell, and fumes in the atmosphere. Exposed to the air, it 
attracts moisture, and is converted into a white mass, in which 
crystals form. These crystals afterwards dissolve without ren- 
dering the solution milky*. Tbe reasoji is, that this perchloride, 
when united to a certain quantity of water, forms solid crys- 
tals. When mixed with water, it is decomposed and converted 
into antimonic acid, anA muriatic acid. It is obvious from this, 
that it is a compound of 

2^ atoms chlorine . . 11*25 

1 atom antimony . . 8 


• 19*25 

M. H. Rose subjected it to analysis, and obtained 
* Chlorine . . 59*44 

Antimony . . 40*56 


Now this is equivalent to 


lOOf 


* Ann. de Chim. et de Phys. xxix. 243. 


t Ibid. p. 245. 
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Chap. II. 


Sesquibro. 

jnide. 


Sesqulodide. 


Fluoride. ^ 


Chlorine * . . 11*72 

Antimony . . 8 

In this analysis also the quantity of chlorin^^ obtained, exceeds 
the truth, owing to the presence of a little sulphuret of silver 
in the chloride, from \(^hich the .chloride was deduced. 

Thus these chlorides are quite analogous in their constitu- 
ti«m to oxide of a’ntimony and antimonic acid. No chloride 
analogous to antimonious acid has been detected. 

IV. Only one combination of antimony and bromide has 
been yet formed ; it is a sesquibromide analogous to oxide of 
antimony. For our knowledge of it, we are indebted to 
M. Serullas.* 

It may be formed by putting some bromine into a tubuliited 
retort, and throwing on it antimony in powder as long as that 
metal continues to take fire. It is then to be distilled over 
into the receiver. It is much less fusible and volatile than the 
sesquibromide of arsenic. It melts at about the temperature 
of 200°, and boils at 518°. It ^ colourless and crystallizes in 
needles. 'It (^tracts moisture from the atmosphere. When 
mixed with water, it is decomposed into oxide of antimony and 
hydrobromic acid. From this it is obvious that it is a com- 
pound of 

atom bromine . . 15 

‘i atom antimony . . 8 

23 

Serullas analyzed it, and. verified fhw constitution. 

V. Antimony unites readily to iodine when the two sub- 
stances are heated together, and the excess of iodine is easily 
driven off. The iodide is a dark red scdid, which melts readily 
when heated, and which, when put into water, is converted into 
oxide of antimony and hydriodic acid. From this, it is evident 
that it is a sesquiodide, or a compound of 

1^ atom iodine . . 23*625 

1 atom antimony . . 8 

31*d25 

The iodide analogous to antimonic acid, or the periodide, as it 
would be called, has not been yet formed. 

VI. Diunas haS formed a fluoride of antimony, which he 
describes as snow-white, more volatile than sulphuric acid, Hut 
less so than water. It is a compound, he informs us, of 

* Ann. de Chim. et de Phys. xxxviii. 322 . 
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1 1 atom fluorine . . 3 n 375 sect.xi. 

1 atom antimony . . 8 

11-375 

/ • 

It is therefore a sesquifluoride analogous to oxide of anti- 
mony, and the other first compounds of* antimony witlv a 
supporter.* 

VII. We are not acquainted with any combinations which 
antimony forms with hydrogen, azote, carbon, boron, or silicon. 

VIII. When equal parts of antimony and phosphoric glass Phosphuret. 
are mixed together with a little charcoal powder, and melted 

in a crucible, phosphuret of antimony is produced. It is of a 
white colour, brittle, appears laminated when broken, and at 
the fracture a number of small cubic facettes are observable. 

When melted it emits a green flame, and the white oxide 
of antimony sublimes. Phosphuret of antimony may like- 
wise be prepared by fusing equal parts of antimony and 
phosphoric glass, or by dropping phosphorus into melted ■ 
antimony.f 

IX. Sulphur and antimony combine in three proportions, Sulphides* 
and form three sulphurets, quit§ analogous in composition to 

the oxides of antimony. 

1. The sesquisulphuret of antimony is found «ativc, and is 
met with in commerce, in tlie shape of cones, under the name 
of crude antimony. It is obtaBied in this state by putting the 
ore into a crucible, hav^ng^a hole ui its bottom, and placed 
over another crucible of the same size. A fire is kindled round 
the upper crucible; the sulphuret melts and runs into the 
under crucible, and forms a cone, while the earthy and stony 
matter remains in the upper crucible. This sulphuret is almost 
always contaminated with sulphuret of lead and sulphuret of 
iron ; sometimes, it is said, with sulphuret of arsenic. 

Pure sesquisulphuret of antimony has. a bluish-grey colour, 
and the metallic lustre, a foliated or strutted texture, a specific 
gravity of 4-62, and is much more fusible than antimony ; boils 
at a high tenfperature, and may be distilled over in close ves- 
sels without decomposition. It dissolves completely in muriatic 
acid when assisted by heat, and is converted into oxide of 
antimony and sulphuretted hydrogen gas. it is obvious from ^ 
thjil, that it is a compound of 

* Ann. de Chiin. et de Phys. xxxi. 435. 
f Pelletier, Ann. de Chim. xiii. 132. 
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atom sulphur . . 3 

1 atom antimony . . 8 

11 

It has been often analyzed, ahd the analysis which comes 
newest tlje truth ,is that of Berzelius, who found it a com- 
pound of 

Antimony . , 100 

Sulphur . . 37 

The theoretic quantity of sulphur united to 100 antimony is 
37’5. I obtained 35*572. All the other analyses are still 
below this quantity. 

When this sesquisulphuret is pure, its powder has a reddish 
brown colour. This compound possesses acid properties, and 
ought therefore to be considered as a sulphide. It may be 
obtained by passing a current of sulphuretted hydrogen gas 
through a solution containing oxide of antimony, for example, 

, through ^ solution of tartar enietic. In that case, it is in 
flocks of a find^irange red colour, but which assumes a dark red 
colour when dried, ^^hen this matter is heated, it gives out 
water, and assumes a black colour. It then possesses all the 
characters of sesquisulphuret of antimony. 

K^esmine- What is Called hertties mimral is nothing else than a hydrated 
sesquisulphide of antimony mixed with a small quantity of 
antimonite of potash. Sesqui8til})huret of antimony dissolves 
in caustic alkaline leys, and in solutions of tlie idkaline hydro- 
sulphurets ; but it dissolves mudli more copiously in these 
liquids when boiling hot. As the solution cools a brick red 
precipitate falls, which is quite the same as kermes. The pre- 
paration of kermes for medical purposes is thus performed. 

Fonnattonof. 1 part of Carbonate of potash and 2| parts of sulphuret of 
antimony in powder are mixed together and heated gradually in 
a covered crucible till the whole is brought into a state of 
During this process a portion of the antimony is 
oxidized at the expense of the alkali. Sulphuret of potassium 
is formed together with some antimonite of potach, and also a 
compound of oxide and sulphuret of antimony which occurs 
native, and is known by the name of red antimony.* 

The sesquisulp![}ide of antimony combines with this sulphuret 
of potassium, constituting a sulphur salt composed of three 

* The nature of this compound will be explained in a subsequent part of 
this section. 
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atoms sesquisulphide, united to one atom of sulphuret. This 
salt solidifies into a brown matter called liver of sulphur. 
Water decomposes this salt and takes up the sulphuret of 
potassium, which dissolves a quantity qf the sesquisulphide of 
antimony, and the quantity disA)lved is much increased by boiling 
the liquid. The liquid is filtered while .boiljpg hot. ^As it cools 
it deposites the kermes, imder the form of light brown flocks, 
which are collected, washed, and dried. If the liquid from 
which the kermes fell be boiled again with the undissolved 
portion, and filtered while boiling hot, a new portion of kermes 
falls; and this process may be continued till nothing remains 
but oxide of antimony and sesquisulphide, which of course is 
quite insoluble in water. 

Fabroni, junior, has given a process for preparing kermes, 
whick he says is cheaper than the common one, and as it 
shows clearly that kermes contains no oxygen, it may be worth 
while to mention it here. Mix together three parts of crude 
tartar and 1 part of crude antimony, and heat the mixture in a 
crucible till it ceases to give out any smoke. ^-Pulverize this 
mass and boil it in water, proceeding exactly as in the usual 
way of preparing kermes. The kermes precipitates in the usual 
way. Here the potash is converted into potassium by the 
action of the charcoal of the tartaric acid, so that no oxide of 
antimony is formed. 

If we pour a little acid into tJic liquid from which the kermes suiphur 
has precipitated, an adj^itional portion of kermes is thrown ***"’ 
down. If we now filter the liquor asid add an additional por- 
tion of acid, we obtain a new precipitate of a fine orange red 
colour, and formerly known under the name of sulphur auratum 
or golden sulphur. It is usually prepared by mixing together 
equal weights of sulphur and crude antimony in powder, and 
boiling the mixture in a caustic alkaline ley till the whole is 
dissolved. Then sulphuric acid is added to throw down the sul- 
phur auratum. Berzelius assures us tha^this sulphur auratum is 
nothing else than a bisulphide of antimony. If so, it is a com- 
pound of 4 p^irts of sulphur and 8 of antimony. But H. Rose 
subjected it to analysis and found it to be the persulphide of 
antimony.* 

These preparations were at one time much employed in 
medicine. The method of preparing kermes was first discovered 

* Ann. de China, et de Phys. xxix. 249. 
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by Glauber, and afterwards by Lemery the elder ; but it was 
first brought into vog^e in France by a priest called' Simon, 
who was taught the secret of preparing it by La Ligerie, a 
. surgeon, to whom it Ijad been communicated by a pupil of 
Glauber. Tlxe French governirfent purchased the secret from 
La Ligerie, and pi^blished tlie process in 1720. It was very 
te^ous and ill contrived, consisting in boiling repeatedly a 
very diluted solution of potash on sulphurct of antimony ; a 
small portion of kermes precipitated as the solution cooled. 
The process of Lemery was therefore adopted by apothecaries. 

Neither of these preparations are at present used by practition- 
ers in Great Britain. From the few trials that I have made with 
kermes it appears to be a much more active medicine than crude 
antimony, and I should think it far preferable for every pur- 
pose to the puli'is antimonialis of our pharmacopoeias, which in 
most cases is quite inert. The dose varies from half a grain 
to a grain. In larger doses it will act as an emetic. I have 
^ never tried the sulphur auratum ; but the usual dose of it 
given in (jernijjiy, where it is still employed, is one grain* 
It is said to produce diaphoretic effects, and is administered in 
catarrhs and rheumatism. 

2. Bisulphide of antimony was first described by M. H. 
Rose, who formed it by passing a current of sulphuretted hydro- 
gen tlirough a solution of antimoniousacidor antimonite of potash 
in muriatic acid. No tartaric a«id should be added to enable 
us to dilute the solution, otherwise thejiature of the precipitate 
is altered. Its colour is Orange r^. When heated it gives 
off sulphur, and is converted into common sesquisulphide of 
antimony. M. H. Rose analyzed it by passing dry hydrogen 
through it while heated in a tube. By this means it was 
resolved into sulphuretted hydrogen and metallic antimony. 
The quantity of antimony enabled him to calculate the com- 
position. Two separate analyses gave him the following 
results. 4 

Sulphur . . 33*86 . . 33*45 

Antimony . . 66*14 . . ‘ 66*55 

100 100 * 

t 

It is evident from these analyses that the true composition is 


* Ann. de Chim. et de Phys* xxix. 248. 
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2 atoms sulphur . . 4 s®®*- **• 

1 atom antimony . • 8 

* 12 
and that its atomic weight 12. 

3. Persulphide of antimony may be ol^tained by passing 8. Persulphide, 
current of sulphuretted hydrogen through perchloride of anti- 
mony, to which tartaric acid has been added to prevent the 
antimony from precipitating when the liquid is diluted with 
water, as it must be before the sulphuretted hydrogen gas is 
passed through it. It may be easily obtained by fusing together 

4 parts of carbonate of potash, 5 parts of crude antimony, and 
1 part of sulphur. The fused mass is to be dissolved in boiling 
water, and precipitated by dilute sulphuric acid. It has a paler 
colour than bisulphide of antimony, and its colour does not 
change on drying. 

Rose analyzed it by passing a current of dry hydrogen gas 
over it while hot. The sulphur was carried off and^he metallic 
antimony remained. He dissolved another portion of it in 
aqua regia containing tartaric acid. The undissolved sulphur 
was separated and weighed, and the sulphuric acid formed 
during the solution, was thrown down by muriate of barytes 
and its quantity determined. These two processes gave him 
the antimony and the sulphur. He found it a compound of 
2| atoms sul})hur . . 5 

1 atom antimony . . 8 

13* 

Hence its atomic weight is 13. 

4. Scsquisulphide of antimony has tlie property of combin- Red anu- 
ing with oxide of antimony, and of forming a compound which 
occurs native, and has been distinguished in Germany by the 
name of rothspiesglanzerz, and in this country by that of red 
antimony. Haiiy calls it antimoine hydo'o-svlphure.'X It usually 
occurs in small crystals on the surface of stones, and has been 
most commsnly found at Braunsdorf in Saxony, and at Alle- 
mont in Dauphiny. Its colour is cherry red. It is crystal- 
lized in right square prisms, and has a specific gravity of 4’5. 

It is feebly translucenf and sometimes has ap adamantine lustre. 

It was analyzed by M. H. Rose by. passing a current of 
hydrogen gas over it while hot. By this means the sulphur 

• Ann. de Ghim. et de Phys. xxix. 249. t Traite, iv. 276. 
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ciwp. It and oxygen was removed and metallic antimony left. In one 
experiment 14 grains of the ore gave 10*4 grains of antimony, 
and the water collected by passing the sulphuretted hydrogen 
t through dry chloride of ^calcium was 0*84 grains. In another 
16*1 grains gave 11’4 gr. of antidiony and 0*73 grain of water. 
He then dissolved ^*24 grains of the mineral in aqua regia, 
adding tartaric acid, and precipitated by chloride of barium. 
He obtained 8 grains of sulphate of barytes. These numbers 
are equivalent to ' 


Antimony 

75-05 


Oxygen 

4-78 


Sulphur 

20-47 

100-30* 


These numbers give us very nearly 

Oxide of antimony . 

• • 

30-28 

Sesquisulphide of antimony 

• • 

70-05 



100-33 

Now this comes sufficiently near 

1 atom oxide of antimony 

• • 

9-5 

2 atoms sesquisulphide 

# • 

22 


lodesesqui- 

sulphide. 


31-5 

to leave no doubt that this is the tiye constitution of the mineral. 

5. The sesquisulphide of antimony h^ the property, accord- 
ing to the experiments of M. Hetiry, junior, and Garot, to 
combine with iodine. The two su])stances are mixed together 
in equal weights put into a glass mattrass, and sublimed by 
a gentle heat. Red vapours are formed which condense in the 
upper part of the mattrass in brilliant scales, having a poppy 
red colour, and being transparent. They melt and may be 
sublimed without decomposition, if the heat applied be suffi- 
ciently gentle. But in p, strong heat iodine sublimes while the 
sulphur and antimony combine with oxygen. This compoimd 
is also decomposed by chlorine. It is not altered )3y exposure 
to the direct rays of the sun. Its taste is sharp and disagreeable, 
and its smell repulsive. Water decomposes it, hydriodic acid 
being formed, and oxide of antimony and sulphur separated. 
Alcohol and ether deprive it of its iodine, while a yellow pow- 
der is deposited. Sulphurous acid and sulphmetted hydrogen 


Ann. de Chiin. ct de Phys. xxix. 250 - 



CHROMIUM. 


331 


gas have no action on it. Its constituents, according to the seet-xii. 
analyses of Henry and Garot, are 

Iodine . . 67*9 


Sulphur 

8*9 

Antimony • . 

23-2 


100-0* 

Now this is very nearly in the proportion of 

1^ atom iodine 

23-625 

1^ atom sulphur 

3 

1 atom antimony 

8 


34-625 


It is therefore the sesquisulphide of antimony united to an 
atom and a half of iodine. 

X. Selenium and antimony combine readily with die pro- Seleniet, 
duction of heat and light. The compound melts and forms a 
metallic button which has a crystalline texture. When strongly 
heated in the air it becomes covered with a vijtreous scoria.-j- 

This seleniet combines with oxide of antimony and forms a 
yellowish brown transparent mass, very similar in appearance 
to glass of antimony.^: 

XI. Antimony forms with arsenic an alloy which is very Aneniet. 
brittle, very hard, and very fusible; and composed, according 

to Bergman, of 7 parts of antimony and 1 part of arsenic. 
Gehlen found that whqn 15 parts of antimony in powder, and 
20 parts of arsenic in piAvder, are fused together, a button 
remains weighing 16*1 parts. It is foliated, very brittle, and 
whiter than antimony. If we consider die whole loss as arsenic 
the alloy will be a compound of about 

8 atoms antimony . . 64 

1 atom arsenic . . 4*75 

It is obvious from this that the affinity between arsenic and 
antimony is feeble. Neither of then^is capable of decompos- 
ing die sulphide of the other. 

SECTION XII. OF CHROMIUM. 

In the year 1766, Lehman, in a letter to Buffon, published History, 
the first description of a beautiful red mineral with a shade of 
yeUow, crystallized in four-sided prisms, i^ich is found in the 
mine of Beresof, near Ekaterinebouig, in Siberia. This 

* Annals of Philosophy (2d series), ix. 152. 

t Berzelius, Ann. de Chim. et de Phys. x. 24‘9. J Berzelius, Ibid. 
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mineral, known by the name of red lead ore of SiberiOt was 
' used as a paint, and is now become exceedingly scarce and 
dear. It was examined soon after by Pallas, who considered 
it as a compound of l^ad, arsenic, and sulphur. Macquart, 
who in 1783 was sent upon a miVieralogical expedition to the 
north of Europe, leaving brought a quantity of it to Paris, 
analyzed it in 1789, in company witli Mr. Vauquelin. These 
gentlemen concluded, from their analysis, that it is a compound 
of the oxides of lead and iron. On ilie other hand, Mr. Bind- 
heim of Moscow concluded, from an analysis of his own, that 
its ingredients are lead, molybdic acid, and nickel. These 
discordant analyses destroyed each other, and prevented mine- 
ralogists from putting any confidence in either. This induced 
Vauquelin, who had now made himself a consummate master 
of the art of analyzing minerals, to examine it again in 1797.* * * § 
He found it a combination of the oxide of lead and an acid, 
with a metallic basis, never before examined. By exposing 
this acid to a violent heat along with charcoal powder, he 
reduced it to th^ metallic state ; and to the metal thus obtained 
he g^ve the name of chromium.^ The experiments of Vau- 
quelin have been since repeated and verified by Klaproth,:t 
Gmelin,^ and Moussin Pouschkin.|| Richter has succeeded 
in reducing chromium to the metallic state, and in ascertaining 
some of its most important properties.^ Vauqnelin afterwards 
published a second paper on chromium, in which he examined 
the properties of chromic acid, and described several of its 
combinations.** And Befzelius mhde a set of experiments to 
determine the composition of the oxides of this metal, ff which 
he again repeated and corrected in 1821.JJ In the Philosophical 
Transactions for 1827, I published a paper on some of the 
combinations of this metal. 

Chromium may be obtained from the bichromate of potash, 

* Ann. de China, xxv. 21, a^nd 194. 

t From because it possesses the property of giving colour to other 

bodies in a remarkable degree. 

t Crell’s Annals, 1798, i. 80. Mr. Klaproth had examined the red lead 
ore in consequence of the analysis of Bindheim. His experiments led 
him to conclude, that the metallic acid, combined with the lead, was noti- 
the molybdic, but the acid of some new unknown metal ; but his specimen 
was too small to enable Viim to decide the point. In the mean time, Vau* 
quelin’s experiments were ppblished. 

§ Ibid. 1799, L 275. || Ibid. 1798, i. 355, &c. 

H Gehlen’s Jour. V. 351. ** Ann. de Chim. Ixx. 70. 

ff Annals of Philosophy, iii. 10 1, if Ann. de Chim. et de Phys. xvii. 7. 
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a b^qtiful red salt prepared abundantly for the calico printers^ sectxu. 
and therefore easily procured at a cheap rate. If we add 
oxalic acid to a solution of this salt in water, and digest it on 
the sand bath, an effervescence takes place, and it assumes a 
fine green colour, the chroigic acid i^hich it contains, being 
converted into oxide of chromium. Ammonia being now added 
to this solution a green matter is separated.' This ‘green mat- 
ter is to be washed and dried, and exposed to a violent heat in 
a charcoal crucible. By this means it is reduced to the metallic 
state. 

I. Chromium has a white colour intermediate between that F«>per«e*, 
of tin and steel. Its specific gravity according to Richter is ' 

5*9. I found it only 5‘093. But I am not certain that my 
specimen was quite free from cavities. 

It is very brittle and easily reduced to powder. Ritter affirms 
that it is attracted by the magnet. But I did not find this to 
be the case. Even when in fine powder it would not adhere 
to a strong magnet. ^ 

The heat necessary to fuse it is so high tliat il^ never haff 
been obtained except in grains. It conducts electricity. I 
could neither dissolve it in nitric acid nor in aqua regia, after 
long continued boiling; but fluoric acid dissolves it readily. 

It may be exposed to heat, or kept under water, without un- 
dergoing much change. When heated with potash, or soda, 
or the carbonates, or nitrates of these alkalies, it is easily con- 
verted into chromic acid. 

I found that 3*966 grains of it, wh®” thus treated, became 
6*5 grains of chromic acid. Now it will appear afterwards, 
that 6*5 represents the atomic weight of chromic acid. I con- 
clude, from tills experiment, that the atomic weight of chro- 
mium is 4. 

II. Chromium combines with two proportions of oxygen, Oxwes. 
and forms two compounds, wliich have been called green oxide 

and chromic acid. What has been called brotvn oxide, is 
merely a compound of chromic acid &d green oxide in pro- 
portions, which probably vary according to the mode of pre- 
paring it. * 

1. Green oxide of chromium may be obtained by digesting oreen oxides. 
It solution of chromate §f potash and oxalic acid, until it assumes 
a deep green colour, and then adding amiftonia to the liquid.* 

It may be obtained also by passing a cilrrent of sulphuretted 
hydrogen gas through a solution of chromate of potash ; but in 
that case its colour is brown. Frick states that it may be ob- 
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tained for the use of the artS) by dissolving in water the alka- 
line mass obtained by calcining chrome iron ore witli nitre, and 
after filtering the solution, boiling it with sulphur. 

Green oxide of chromium, as at first obtained, is in the state 
of a hydrate. If after \irashing it sufficiently, we dry it in the 
open air without the application of heat, it is a light coloured 
gfTe#?nish blue powder, tasteless, very light, and easily soluble 
in acids. If we dry it on a filter, by artificial heat, its colour 
becomes much darker, and it retains very nearly half its weight 
of water. The greenish blue matter dried without heat, con- 
tains xfths of its weight of water. A moderate heat expels 
the water, and leaves the oxide in the state of a very beautiful 
green powder. When heated nearly to redness, it suddenly 
glows, or becomes red hot, like burning tinder. After this 
glowing, which does not alter its weight, it loses the property 
of dissolving in acids. However, a solution may be accom- 
plished by digesting it for a long time in concentrated sulphuric 
acid. 

weSht? * ^ have shewn, in the Philosophical Transactions for 1827, 

tliat the atomic weight of this oxide is 5, and that it is a com- 
pound of 

1 atom chromium . . 4 

1 atom oxygen . . 1 

o 

It possesses the characters of an alkaline base, dissolves in acids, 
and saturates them. Th^ salts wlpch*it forms have a green, 
or blue, or purple colour, and an exceedingly sweet taste. 

Brown oxide. 2. What is Called brown oxide of chromium, is easily obtained 

by passing a current of sulphurous acid gas through a solution 
of chromate, or bichromate of potash. The brown matter falls 
down, and may be washed and dried. It has a flea brown 
colour, is destitute of taste, and undergoes no alteration when 
exposed to the air. It is not quite insoluble in water; for 
after having been agitaiied with new portions of water above 
fifty times in succession, the water, which was several hundred 
times its weight, being left in contact with it for ^4 hours, it 
still continued to give out a little chromic acid to that liquid. 
When washed with a solution of caustic ammonia, it speedily 
assumes the usual Colour of green oxide. It dissolves in acids 
with the same phendmena as green oxide, and the solution 
consists of the usual salt of chromium. The specimens of this 
brown matter, which I examined, were composed of 
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6 atoms green oxide of chromium, 

1 atom chromic acid. 

But probably the proportion of chromic acid will be found to 
vary in different circumstances. It is obvious from all this, 
that brown oxide of chromium ought not to be considered as a 
peculiar oxide, but rather as a combination of green oxide and 
chromic acid, or more probably, a mixture of greed oxide and 
chromate of chromium. 

Green oxide of chromium is used as a green paint for por- 
celain vessels. The colour is remarkably fine, and it is easily 
applied. According to Vauquelin, the green colour of the 
emerald is owing to the presence of a little green oxide of 
chromium in the mineral. 

3. A method of preparing chromic acid, in a state of purity, chromic wid. 
was first discovered by M. Unverdorben. It is as follows; 

Mix together 4 parts of chromate of lead, 3 parts of pure fluor 
spar (previously heated to redness and pounded), and 5 parts 
of sulphuric acid as concentrated as possible. This mixture ^wprepar. 
must be put into a leaden or platinum retort, and a^entle heaT 
applied by means of a lamp. A red gas is formed, which 
appears in the air, under the form of red or yellow vapours. 

This gas, when placed in contact with water, is absorbed and 
converted into fluoric and chromic acids. By evaporating the 
solution in a platinum capsule, the fluoric acid* is driven off, 
and pure chromic acid remains. 

Berzelius found that if the gas was made to pass into a 
platinum vessel, containing a littlo water at its bottom, and 
whose mouth is covered with moist paper, the gas is decom- 
posed in the moist air within the dish, and abundance of small 
cinnabar red crystals of chromic acid are deposited, which 
gradually fill the whole dish. These crystals are very bulky, 
and sink down on the least pressure. M^hen the gas is dis- 
engaged very slowly, these crystals become larger and more 
solid; but they are never regular. They consist of pure 
chromic acid. However, chromic acid may be obtained in 
regular four-sided prisms, with square or rectangular bases, by 
a very cautious evaporation of its solution in water ; and for 
that purpose acid must be employed quite free from all admix- 
ture of green oxide of chronium. 

Maus has given another process for preparing chromic acid, 
which deserves attention on accoimt of its facility. It is as 
follows : Dissolve bichromate of potash in water, and pass a 
current of fluosilicic acid through the solution. By this means 
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the potash is thrown down in combination with flnosilicic acid. 
Decant off the clear liquid, and evaporate it to dryness by a 
very gentle heat, in a phitinum capsule. Dissolve the dry acid 
in a little water, and a little fluosilicate of potash will remain. 
The chromic acid thus obtained must not be filtered, otherwise 
a portion of it will be converted into green oxide. This rule 
indeed shohld be afways attended to. Whenever chromic acid 
is passed through paper, it becomes contaminated with green 
oxide. 

Chromic acid when evaporated to dr^ess is almost black 
while hot, and of a deep red when cold. It lias no smell ; and 
its taste is intensely sour, leaving a styptic impression behind. 
It stains the skin yellow, and the stain cannot be removed by 
washing with water, but may by an alkali. It absorbs moisture 
from the atmosphere, and is converted into a dark brown viscid 
liquid. By very cautious concentration it may be obtained in 
red crystals, which appear to the eye to be four-sided right 
prisms, with square bases. Whqn the crystals obtained from 
fluoride of tihromium are suddenly heated on platinum foil they 
melt, and are decomposed with a bright light, oxygen gas being 
disengaged, and green oxide remaining. I could not succeed 
in producing complete decomposition of this acid in the highest 
temperature that green glass could bear without fusion. The 
crystals containing water do not exhibit the phenomenon of 
glowing. Chromic acid is soluble in alcohol. The solution is 
partially decomposed by heat, ether being evolved and green 
oxide of chromium precipitated. Tim solution has now a yellow 
colour, and contains a good deal of chromic acid undecomposed. 

The original metliod of obtaining chromic acid proposed by 
Vauquelin, was to dissolve chromate of barytes in nitric acid, 
and then to add enough of sulphuric acid to throw down all the 
barytes, taki^ care not to add any excess. The liquid freed 
from sulphate of barytes is to be evaporated to dryness to drive 
off the nitric acid. Being re-dissolved and cautiously concen- 
trated, it yields crystals m small ruby coloured prisms. These 
crystals were long taken for pure chromic acid. Gay-Lussac* 
first shewed that they consist of a compound of sulphuric and 
chromic acid. They have a very acid, acrid, and metallic taste. 
When heated, this acid is decomposed more easily than pure 
chromic acid, bein^ converted into sulphate of chromium. 
Hence it is evident that it is a compound of 


* Ann. de ,Chin). et tie Phys. xvi. 102. 
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1 atom sulphuric acid . . 5 sect.xii. 

1 atom chromic acid . . 6*5 


11-5 

Many substances occasion a similar decomposition. When 
heated with muriatic acid cliloiitie is given ^out, and^ the same 
change produced. 

A mixture of chromic acid, and muriatic acid, has the pro- 
perty of dissolving gold. 

A very careful analysis of chromate of potash gave me the 
following result : 

Chromic acid . . 6*5 

Potash . . 6 

While I found bichromate composed of 

Chromic acid . . 13 

Potash . . 

From tliis it is obvious that the atomic weight of this acid is 
6-5. Farther I sliewed tliat i3-5 grains of ]>rotoxide of iron, 
dissolv ed in sulpluiric acid, and mixed with ^6*5 •grains of 
chromic acid, reduce the cliromic acid to 5 grains of green 
oxide of chromium, while the iron is peroxydized. Now to 
])eroxydize 13*5 grains of protoxide of iron, it is necessary to 
add 1*5 atoms of oxygen. From this it is clear that chromic 
acid is a compound of 

Green oxide ^ . . 5 

weig 

Oxygen , . . 1*5 

6*5 

But green oxide contains 1 atom of oxygen united to 4 chro- 
mium. Consequently chromic acid is a compound of 
1 atom chromium . . 4 

2^ atoms oxygen . . 2’5 


^ ■ 6*5 

So that the constitution of this acid is the same as that of 
])hosphoric a(;id, arsenic acid, and antimonic acid, and also 
hyposulph uric acid. 

III. Chlorine and chromium probably unite in various pro- chlorides, 
portions. But the subject has hitherto been but imperfectly 
investigated. * 

1. Muriatic acid readily dissolves the green oxide of chro- 
mium ; the solution has a deep green colour and a sweet taste, 
and always contains a great excess of acid. When evaporated 
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to dryness, and kept for some time in that state, it assumes the 
form of red coloured scales. These scales are probably a 
simple chloride of chromium composed of an atom of each con- 
stituent, though I did not succeed in driving off all excess of 
acid. They dissolve readily ii? water, forming a deep green 
solution, having a^ sweet and acidulous taste. If we raise the 
h^t suiBciently high to drive oif all excess of acid we obtain 
the chloride in the form of green scales ; quite tasteless and 
insoluble in water and acids. 

2. There is another compound of this substance with chlo- 
rine which I discovered in 1824, and to which I gave the name 
of chhrochromic acid.* It may be obtained by the following 
process. 

Triturate together in a mortar 190 grains of dry bichromate of 
potash, and 225 grains of decrepitated common salt. Put this 
mixture into a tubulated retort, and pour into it 500 grains of 
concentrated sulphuric acid, and by agitation make it up into 
a magma with the salts. Then, apply the flame of a lamp to 
' the bottdhi of ^the retort. An effervescence takes place and 
beautiful red fumes soon make their appearance. These con- 
dense in the beak of the retort and gradually drop into the 
receiver imder the form of a red coloured liquid. The process 
lasts about ten minutes or a quarter of an hour, when the 
evolution of the red fumes suddenly stops. The matter in the 
retort has now assumed a greeq colour. The distillation must 
now be stopped. Should it be contmued an acidulous water 
passes into tlie receiver* and destroys the red liquid. Tlie 
quantity of red liquid obtained from the above mentioned 
quantity of materials is about 200 grains. The produce is 
greatest when the atoms of chlorine in the salt are to those of 
chromic acid as 3 to 2. The liquid tlius obtained has the fol- 
lowing properties. 

The colour is a fine, but very deep crimson ; the taste sweet- 
ish, astringent, and acid. The smell of chlorine is fully as 
intense as that of chlorine gas itself. It reddens vegetable 
blues. Its specific gravity is 1*9134. When 1^1*5 grains of 
it were poured into an ounce of water at 50° the temperature 

* My account of it was read to the Hoyal Society in March 1826, but it 
had been at least six •months in the hands of the secretary before it was 
read. Mean while a short account of the same substance appeared in 
Ann. de Chim. et de Pfiys. in a letter dated 6th May, 1826, by Dumas, 
who gives some of its properties, and says that it had been Recovered by 
Unverdorben. 
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rose at once to 212®, and chlorine gas was given out so abun- s*®*- 
dantly as to occasion an effervescence. 

When dropt into water it falls to the bottom and exhibits 
the appearance of a drop of oil. Globules of chlorine gas are 
given out rather abundantly titl the drop disappears, rendering 
the water yellow. The liquid now contain^ chlorine, chromic 
acid, and a trace of green oxide of chromium. When it ‘is 
dropt into oil of turpentine or alcohol it sets these conbustible 
substances on fire, and they burn quietly with a flame having 
a good deal of blue mixed with white. When dropt upon 
flowers of sulphur they take fire and burn with a fine red flame. 

It acts violently on olive oil, and pyroxylic spirit, and naphtha, 
but sets none of ihem on fire. It has no action on dry phos- 
phorus even when fused in it ; but if the phosphorus be moist, 
or if tlie least water be present, the phosphorus burns violently 
or even explodes.* It acts very feebly upon metals. Zinc 
and tin filings effervesce slightly. On iron it does not act till 
heated : on copper and antimony it does not act at all. With 
mercury it forms a mass of the consistence of hog’S lard, but* 
the metal retains its colour and lustre. It sets fire to ammo- 
niaail gas. 

From a set of experiments which I made to determine its cotnpo.iUa^ 
constituents, it follows that it is a compound of 1 atom chlorine 
(4‘5) and one integrant particle of chromic aci<f (6*5) united 
together and condensed into ajiquid. Its atomic weight is 1 1, 
and it possesses the chsyacters of an acid as far as reddening 
vogetjible blues is concerned. I did not succeed in the attempts 
that I made to unite it to bases. 

Dumas considers it as a compound of 1 atom of chromium 
with tluee atoms of chlorine. But I am ignorant of the way 
in which he deduced these constituents. If it were a chloride 
analogy would lead us to view it as a compound of 
2^ atoms chlorine . . 11*25 

1 atom chromium • * 4 

And this was the view of its composition which I was myself 
disposed to take at first. But it is not easy to see any force 
which could deprive the chromic acid of its oxygen. Nothing 
else is present but chlorine, and chlorine has not so great an 

* I received soon after the publication of my paper in the Phil. Trans., a , 
letter from Dr. Torrey of New York, mentionins, that when he was exhibit- 
ing it to his class, it detonated violently with phosphorus. The receipt of 
this letter led me to investigate the subject carefully. The result is wLit I 
have stated in the text. 
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affinity for oxygen as chromium lias. My analysis docs not 
decide the state of the constituents in this compound, but only 
their proportions. It contains only 1 atom of chlorine to I 
atom of chromium. The chlorine is undoubtedly much more 
loosely united than in the protocSiloride. I think therefore that 
it is mucli more likely to be in the state of chlorochromic acid 
tliSin that of chloride of chromium. 

IV. W e arc unac(]uainted at present with the bromides and 
iodides of chromium. 

V. When fluor spar, chromate of lead, and concentrated 

sulpliuric acid, in the proportions indicated in page 335, are 
heated in a leaden or platinum retort, a red coloured gas is 
formed which is immediately decomposed when it comes in con- 
tact with glass. Tliis gas, first observed by ]M. Unverdorben, is 
considered as i\ fluoride of chromium no very satisfactory 

proofs that this is its composition have been adduced. From tlie 
corrosive action of this gas on glass it lias been liitherto imjios- 
sible to investigate its ])roperties- It is permanent at the usual 

^temperatifre of the atmosphere. When mixed with ainmoni- 
acal gas it burns with explosion. It gradually corrodes and 
dissolves resin. It is absorbed by water forming a yellow 
coloured licpiid, which, wlien evaporated, leaves pure chromic 
acid.* A fuller examination of this gas would be particularly 
interesting. * 

VI. We are still unacquaintgd with the compounds which 
chMmium may be caj^able of forming witli hydrogen, azote, 
carbon, boron, and silicom 

VH. When phosjihorus is made to j)ass through green oxide 
of chromium heated to redness in a green glass tube, a brilliant 
combustion takes place, and jihosphuret of chromium is formed. 
This phos])huret, when formed, by passing 3-!2 ]>arts of phos- 
phorus through 5'08 parts of anhydrous green oxide of chro- 
mium, has a brown colour, is tasteless, and insoluble in water 
and acids. It still con|inues in the state of a loose powder 
which is agglutinated together, but not melted by the action 
of the blow-pipe. Its constituents are 

I atom phosphorus . . 2 

1 atom chromium . , 4 

6 

Hence its atomic weight is 6. 


^ Gmelin’s Handbuch cler Chemie, i. 855. 
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VIII. Sulpluiret of cliromium may be obtained by various sectxiii. 
processes. H. Rose obfciiiied it by passing a current of dry guiphurct, 
sulphuretted liydrogen gas over green oxide of chromium 
heated to redness in a porcelain tube. ,M. Lassaigne obtained 
it by mixing together equal weights of dry chloride of chro- 
mium and flowers of sulphur, and heating it gradually in a bent 
glass tube, raising the temperature as high as the glass will 
bear. There is disengaged first a little sulphuretted hydrogen, 
then muriatic acid, then sulphur, and lastly dense vapours of 
chloride of sulphur. 

The sulpluiret of chromium thus formed is blackish gray, unc- 
tuous to the touch, and friable. It stains bodies like plumbago 
when rubbed over them. When heated in the open air it 
burns like pyrophorus leaving gi’een oxide of chromium. It 
dissolves in nitric acid, and still more readily in aqua regia. 

Its composition, according to Tassaigne, is 
Chromium . . "20 

Suljihur •. . 2*108 

This is eipiivalent to 1 atom sulphur and 4}j atoms chromium.* 

Rut as sul])liuret of chromium by digestion in nitric acid may 
be converted into sulphate of chromium, it is clear that its true 
constituents are 

1 atom snliilmr . . 2^ 

1 atom chromium . . 4 

6 

And tliat its atomic wei olit IS 6. 

IX. is known respecting* the compounds #liicli 

cliromiiiin moy form with selenium, tellurium, arsenic, and 
antimony. 

'riie chromates possess poisonous qualities when taken inter- 
nally. Tlie hands of many jiersons when dipt into a solution 
of bichromate of potash break out into malignant ulcers. 

. 

SECTION XIII. OF URANIUM. 

There is a mineral found in tlie George Wagsfort mine at History. 
Johan -Cieorganstadt, in Saxony, partly in a pure or uninixed 
state, and jiartly stratified with other kinds of stones and earths. 

Tlie first variety is of *a blackish colour, iyelining to a dark, 
iron gray, of a moderate splendour, a close texture, and when 
broken presents a somewhat even, and (in* the smallest particles) 

* Ann, de Chiin. et de Phys. xiv. 299 . 
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a conclioidal surface. It is quite opaque, tolerably hard, and 
on being pounded yields a black powder. Its specific gravity 
is about 7'600. The second sort is distinguished by a finer 
black colour, with here, and there a reddish cast : by a stronger 
lustre not unlike that of pitcoal ; by an inferior hardness ; and 
by a shadp of green, which tinges its black colour when it is 
reduced to powder.* * * § 

This mineral was called pechblende ; and mineralogists, misled 
by the name,f had taken it for an ore of zinc, till Werner, 
convinced from its texture, hardness, and specific gravity, that 
it was not a blende^ placed it among the ores of iron. After- 
wards he suspected that it contained tungsten; and this con- 
jecture was seemingly confirmed by the experiments of some 
German mineralogists, published in the Miners* Journal. But 
Klaproth examined this ore in 1789, and found that it consists 
chiefly of sulphur, combined with a peculiar metal, to which 
he gave the name of uranium.% 

^ Uranium was afterwards examined by Richter, and an elabo- 
rate set of experiments has been published on it by Bucholz.§ 
In the year 1822 an elaborate set of experiments on the oxides 
of uranium was made by M. Arfvedson ; [[ which were carried 
still farther by Berzelius in 1823.f And I made some expe- 
riments on tlie subject which were published in 1825.** 

The only ore from which uranium can be obtained in suf- 
ficient quantity for investigation' is /(jfc/tWewrfe, which occurs in 
various mines in Saxony and Bohemia, and has been found 
also in Cornwall. This ore consists of a great variety of sub- 
standfes mechanically mixed together, and which can only be 
separated by mechanical processes. Three methods of obtain- 
ing pure oxide of uranium from this ore have been proposed by 
chemists, which it may be worth while to specify. 

1. Arfredson’s method was this. Finely pulverised pitch- 
blende was dissolved by a gentle heat in a mixture of nitric 
and muriatic acids. After the decomposition of the mineral 
was completed, and most of the acid expelled, a little muriatic 

* Klaproth, Crell’s Jour. Eng. Trans, i. 126. 

f Blende is the name given to ores of zinc. 

I From Uranus (Ov^eera;) the name given by Mr. Bode to the new planet 
discovered by Hersch^l ; which name the German astronomers have adopted. 
Mr. Klaproth called the .metal at first uranite ; but he afterwards changed 
that name for uranium. *• 

§ Gehlen’s Jour. iv. 17. 

U Kong. Vet. Acad. HaniL 1822, p. 404. ^ Ibid. 1823, p. 152. 

** First Principles, ii. 18. 
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acid was added, and then the liquid was diluted with a good S"*- 
deal of water. The sulphur, silica, and stony matter remained 
undissolved. A current of sulphuretted hydrogen gas was now 
passed through the liquid as long as any precipitate fell. By , 
this process the lead and copp«r are thrown down, and likewise 
the arsenic, should the liquid contain aiiyj To the filtered 
liquid a little nitric acid was added, and the whole was digested 
to peroxidize the iron. By this process the liquid changed 
from light g^een to yellow. Carbonate of ammonia was now 
added in excess. The peroxide of iron was thrown down, but 
the peroxide of uranium was held in solution, together with 
oxides of cobalt and zuic when they happen to be present. 

The filtered solution was then made to boil, and the boiling 
continued as long as carbonate of ammonia was disengaged. 

A portion of the oxide of cobalt remained in solution ; but 
another portion was j)recipitated along with the peroxide of 
uranium, as was also the oxide of zinc. The precipitate was 
collected on a filter, washed, ^nd dried. It was then exposed 
to a red heat, which deprived it of its yellow colour*and mad^ 
it dark green. It was now macerated in dilute muriatic acid, 
which dissolved the oxides of cobalt and zinc, together with a 
small portion of the oxide of uranium. Pure protoxide of 
uranium remained behind in the state of a green powder.* 

2. The process of M. Bcrthier is as follou’^s. * He reduced 
it to powder and boiled it with muriatic acid for some time. It 
was then thrown on a^ filter and well w’ashed. The matter 
thus collected on the filter* (which is pitchblende freed from 
several impurities), was treated with nitric acid till it lost its 
black colour and was completely decomposed. The solution 
was evaporated to dryness by a gentle heat, agitating it fre- 
quently. It was then boiled in water and the solution filtered. 
The undissolved portion consisted of alumina, silica, sulphate of 
lead, oxide of iron, and arseniate of iron, together with a small 
quantity of oxide of uranium which wasyieglected. The solution 
contained almost all the oxide of uranium, together with some 
lead, copper, iron, and occasionally alumina and lime. A little 
sulphate of ammonia was dropt into it, which threw down the 
lead. Then a current of sulphuretted hydrogen gas was passed 
through it, which th»ew down the copper and the arsenic 
when the liquid happened to contain any, and the iron was * 
reduced to the state of protoxide. The liquid was then left 
for some time to itself to allow the sulphuretted hydrogen gas 

* Annals of Philosophy (2d series), vii. 2o4. 
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to be dissipated. When no traces of sulphuretted hydrogen 
remained, carbonate of ammonia was added cautiously by a 
little at a time, and with continual agitation, and in such quan- 
tity as only to throw down the peroxide of uranium. The 
precipitate was allowed to depos^te itself in a well corked phial 
to prevent the peroxidizement of the iron. Tlie liquid portion 
wa's then ‘drawn off, and tljc phial filled with distilled water 
recently boiled, wiiicJi was drawn off in its turn, and the per- 
oxide of uranium finally collected on a filter and washed.* 

3. The jirocess which I employed for procuring pure pro- 
toxide of uranium, was still simpler and easier than either of 
the preceding. The ])itchl)leiide reduced to a fine ])owder, 
was digested in nitric acid, till every thing soluble was taken 
up. "Ihe solution was then rendered as neutral as possible by 
evaporation, and a current of sul])huretted hydrogen gas 
passed through it as long any preci])itate continued to fall. 
'I he liquid was filtered and heated to drive off all traces of sul- 
phuretted liydrogen. It was no,w ])recipitated by caustic am- 
Viionia, atld the precipitate, after being well washed, was 
digested, while still moist, in a pretty strong solution of carbonate 
of ammonia. A fine lemon yellow liquid was ol>tained, which 
being set aside for a few day’^s, dej)osite(l abundance of fine yellow 
crystals in four-sided right prisms with rectangular bases. 
T.hesc crystals btung exposed to a red heat, gave out water and 
carbonate of ammonia and oxygen gas, and left protoxide of 
uranium in the state of a black powder, having a good deal of 
lustre; but wliich, when reduced powder, had a dark green 
colour.f 


I found the yellow crysbils a compound of 

3 atoms carbonate of ammonia 

14-625 

1 atom ])ercarbonate of uranium 

30-75 

4 atoms water ..... 

4-50 


49-875 


How reduced. II. Protoxide of uraniuiu is easily reduced to the metallic 
state, by passing a current of dry hydrogen gas over it, placed 
in a glass tube, and heated by a sjnrit lamp, as was first 
practised by Arfvedson. Water is formed, and the ura- 
nium in the act of reduction becomesi red hot. The urani- 
um, when reduced* in this way, assumes a liver brown colour, 
and still continues in powder. Bucholz and Richter reduced 


* Ann. (le Mines, x. 141. 
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it to the metallic state, by mixing it with a little charcoal pow- 
der, and then exposing the mixture to a violent heat in a blast 
furnace. It can only be obtained in small grains: no heat that 
we can raise, being sufficient to melt it into a mass. 

Its colour, when thus obtained, is iron gray ; it has con- Properties, 
siderable lustre, and is soft enough to yield to the file. Its- 
malleability and ductility are of course unknown. Its specific 
gravity, in Klaproth’s trials, was only 8.100. But Bucholz 
obtained it as high as 9*000. 

Uranium reduced by hydrogen gas undergoes no change in 
the ordinary temperature of the atmosphere j but when heated 
to redness, it takes fire, smh^IIs, and is converted into green oxide. 

It is insoluble in sulphuric aiid muriatic .acids, whetlier concen- 
trated or diluted; but nitric acid dissolves it with facility, . 
deutoxide of azote being given out, and the solution has a 
lemon yellow colour. 

III. Unanium combines with two different proportions of oxides, 
o.xygen, .and forms two oxides, 'rhe ])rotoxide is green, and 
the })eroxide or .acid of uranium is yellow. 

1. Tlie green oxide is obtained by the processes already protoxide, 
described, or by expttsing metallic uranium to a red heat. Its 
colour, while in grains, is black : but when in powder, it is 
dark green. It is soluble in sulphuric and muriatic acitl; 
but the solution goes on very slowly, oxce])t A^hen the oxide 
is in the state of a hydrate^ and we can obtain it in that 
state by precipibiting it from an acid solution. In that state, 
it is in purple coloured fiock.s, and it cfinnot be dried with- 
out being at least partially oxidized. The solutions of this 
oxide in acids are green. When the protoxide of ura- 
nium is dissolve<l in nitric acid, it is converted into peroxide. 
I’rotoxide of uranium is taste le.ss, and when anhydrous, it is 
not altered by exposure to tlie air. None of the salts which it 
forms with acids, so far as I have tried them, are capable of 
crystallizing. 

Various exjieriments have been made to determine the 
composition of protoxide of uranium. Bucholz found that 100 
parts of metallic uranium, when converted into protoxide by 
heat, became 105*17 parts.* Arfvodson repeated the same 
experiment, and the»mean of two ti*ials was, that 100 ur.'ini- 
um, when comforted into protoxide, bectimc 103*7113. By« 
reversing the experiment, or by reducing tlie protoxide of 


* Gehlen’s Jour. iv. 35. 
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Composition. 


Peroxide. 


uranium to the metallic state, by means of a current of hydro- 
gen gas, he found it composed of 100 uraniiun, and 3*67 
oxygen. The mean of these two sets of experiments by 
Arfvedson, give the constituents of protoxide of uranium as 
follows ; *' 

Uranium . . 100 

Oxygen . . 3'69 

and with this result, the trials of Berzelius almost exactly 
agree. Now, the probability is, that this oxide is a^ compound 
of 1 atom uranium, and 1 atom oxygen. Tf this be the case, 
we will obtain the atomic weight of uranium, by dividing 

100 by 3*69. And.^^= 27*1 = atomic weight of uranium. 

o Ov/ 

But I consider myself entitled from my analysis of tlie ammo- 
nio-carbonate of uranium, to consider the true atomic weight 
of this metal to be 26.* On that supposition, the protoxide 
of uranium will be a compound of 
, 1 atom uranium ‘ . . 26 

1 atom oxygen . . 1 

27 

And its atomic weight will be 27. 

2. Peroxide of uranium, or uranic acid, as it might be 
called, is easily obtained by dissolving protoxide of uranium 
in nitric acid, and precipitating liy caustic ammonia. A beau- 
tiful yellow powder is obtained, whicli is a combination of 
peroxide of uraniiun and ammonia. Such is its tendency to 
combine with other bodies, that it cannot be obtained in a 
separate state. If we attempt to drive off the ammonia and 
water with which it is united, it loses oxygen at the same time, 
and is converted into protoxide. The same change takes 
place when we heat pernitrate of uranium. It possesses the 
property, as Arfvedson has shown, of uniting both with acids 
and bases, and forming salts with each; so that it has the 
double property of acting at once as an acid and a base. In 
this respect, it agrees with several other weak acids, which will 
be described in the subsequent sections of diis chapter. 

Arfvedson made an elaborate set of experiments to determine 
. die composition of this oxide. He formed uraniate of lead, 
and found by analysis that it was a compound of 


• First Principles, ii. 4. 
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Uranic acid . . 99*12 or 10*6 

Protoxide of lead . . 130*88 or 14 


^ 230*00 

He reduced the constituents of this salt to the metallic state, by 
passing a current of hydrogen gas over 23Q parts of it. The 
water evolved was 16*4 parts, containing 14*577 parts ‘of 
oxygen. Now 130*88 parts of protoxide of lead, contain 9*35 
parts of oxygen. Consequently the 99*12 parts of peroxide 
of uranium contained 5*22 parts of oxygen. Hence peroxide 
of uraniiun must be a compound of 

Uranium . . 100 

Oxygen . . 5.559 

Another experiment gave the oxygen united to 100 uranium 
in the peroxide 5*5765. Tlie mean of these two is 
Uranium . . 100 

Oxygen . . 5*56775 

Now he had determined by experiments stated above, that 
protoxide of uranium is a compound of 100 uraniifin + 3*09 
oxygen. So that the oxygen in the two oxides, united to the 
same weight of uranium, have the ratio of 3*69 to 5*56775, 
numbers almost exactly in the ratio of 2 to 3, or of 1 to 1^. 
Hence the peroxide of uranium ought to be a compound of 
1 atom uranium . . 2^ 

1^ atom oxygerv . . 1*5 

27*5 

But in some of his other experiments, as for example his analysis 
of uraniate of barytes, he found the quantity of oxygen still 
gpreater than what I have just stated. 1*343 parts of uraniate 
of barytes were found composed of 

Barytes .... 0*1933 or 9*5 

Peroxide of uranium . . 1*1497 or 56*5 


1*3430 

The peroxide of uranium being converted into protoxide, was 
reduced to 1*121 parts. According to this experiment, per- 
oxide of uranium is composed of 1*121 parts of protoxide, and 
0*0287 parts of oxygen, or of 100 parts of protoxide, and 2*56 
parts of oxygen. But 100 protoxide contafn 3*7 oxygen. Coii- 
sequently by this experiment, peroxide of uranium is composed of 
Uranium . . 100 

Oxygen . . 6*5 
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Now, 3*69 is to 6*5, as 1 to 1'76, which approaches more 
nearly the ratio of 1 to 2, than that of 2 to 3. 

The atomic weight of barytes, is 9-5 ; and nranate of barytes 
was found by Arfvedso^n, to be a compound of 

Barytes . . ^ . . 9*5 

Peroxide of uranium . . 56*5 

N(fw if the salt be a cornjjound of 1 atom barytes, and 2 atoms 
uranic acid, then the jitnniic weight of uranic acid will be 28*25. 

I analyzed the potash persesquisiilphate of uranium, and the 
persesquinitrate of uranium, and obtained in each 28 for the 
atomic weight of uranium.* These circumstances induce me 
rather to consider the oxygen in the peroxide as double that 
in the protoxide. If this supposition (M’hieh in the jiresent state 
of our knowledge is by far the most probable) be admitted, then 
the composition of the two oxides of uranium will be as follows : 

Uranium. Oxygon. ^tomm 

1. Protoxide 1 atom + 1 atom . . 27 

2. Peroxide 1 + ^ . . 28 

III. No experiments have been made upon the compounds 
which uranium is capable of forming with chlorine, bromine, 
and iodine. This is to be regretted, because the accurjite 
knowledge of the jiroportions in which these bodies unite with 
it, would decide whether the ratio of combination be 1 and 1|-, 
or 1 and 2. The analyses of thg chlorides and bromides, and 
iodides, would be easier and much more certain, inconsequence 
of the high atomic weight of the chlorine, bromine, and iodine. 

IV. Nothing is known respecting the eombimitions which 
uranium may be C|ipuble of forming with hydrogen, azote, car- 
bon, boron, silicon, and phosphorus. 

V. The sulj)hurets of uranium have been very imperfectly 
investigated. Klaproth .mixed the j)eroxide of uranium witli 
twice its weight of sulphur, and heated it in a retort till mo.st 
of the sulphur was drivtm off. The residuum was a blackish 
brown compact mass. By increasing the heat, the whole of the 
sulphur was driven off, and the uranium remained in the metal- 
lic state, in the form of a black heavy coarse powder.-j- Bucholz’s 
experiments, though made in a different way, led nearly to the 
same result. He boiled a mixture of seulphur and oxide of 
uranium in an alkaline solution to dryness, heated the residue 
to redness, and then treated it with distilled water. A black- 


* First Principles, ii. 18. 
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ish brown powder remained behind, and small needles of a red 
colour appeared in the solution. In one trial, the compound 
which he obtained gave out some sulpliuretted hydrogen when 
dissolved in muriatic acid. This is a proof that it was not a 
sulphuretted oxide, but a suljAuret of uranium.* 

, M. H. Rose succeeded in forming a sulpjiuret of uranium, 
by passing very slowly a current of bisulphuretted carbbn 
vapour over protoxide of uranium, heated to redness in a porce- 
lain tube. The sulpliuret thus formed is black, and when 
rubbed assumes the metallic lustre. When heated in an open 
vessel the sulphur burns, and protoxide of uranium remains 
behind. Muriatic acid scarcely acts upon it; but nitric acid 
readily dissolves it even without exposure to it, and the sulphur 
remains. 

When a hydrosidphurct of an alkali is poured into a neutral 
solution of protoxide, or peroxide of uranium in an acid, a 
black [)recipit{ite falls, which has not been examined. Rut it 
probably consists of two district sulphurets (according to the 
oxide acted on) analogous to the oxides. * 

VI. Nothing is kmnvn respecting the combinations which 
uranium may be capable of forming with selenium, tellurium, 
arsenic, antimony, or chromium ; the scarcity of this metal 
having hitherto put it out of the power of chemists to make 
the requisite experiments on the subject. 

SECTION XIV, OF MOLVI5DENUM, 

1. The Greek word /MoTtulSbuivu^ and its Latin translation History. 
plumbago, seem to have been employed by the ancients to 
denote various oxides of lead ; but by the m^erns they were 
applied indiscriminately to all substances possessed of the fol- 
lowing properties : light, friable, and soft, of a dark colour and 
greasy feel, and which lesive a stain upon the fingers. Scheele 
first examined these minerals with attention. He found that 
two very different substances had been confounded together. 

To one of these, which is composed of carbon and iron, and 
which has been already described, he appropriated the M'ord 
plumbago; the other he called molyhdetia. 

Molybdena is composed of scaly particles adhering slightly 
to each other. Its colour is bluish, very much resembling that 
of lead. Scheele analyzed it in 177^ and obtained sulphur’ 
and a whitish, powder, which possessed ‘the properties of an 


* Gehlen’s Jour. iv. 47. 
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Chap. II. acid, and wMch, therefore, he called add of nudybdena.* Berg- 
man suspected this acid, from its properties, to be a metallic 
oxide; and at his request, Hjelm, in. 1782, undertook the 
laborious course of experiments by which he succeeded in 
obtaining a metal from this acid. His method was to form it 
into a pas^^e with Unseed oil, and then to apply a very strong 
hekt. This process he repeated several times successively .f 
To the metal which he obtained he gave the name of nwlyb- 
denum.X The experiments of Scheele were afterwards repeated 
by Pelletier, § Ilseman, || and Heyer and not only fully con- 

firmed, but many new facts were discovered, and the metallic 
nature of molybdic acid was put beyond a doubt : though, in 
consequence of the very violent heat necessary to fuse molyb- 
denum, only very minute grains of it have been hitherto 
obtained in the state of a metal. In 1795, Mr. Hatchett pub- 
lished a very valuable set of experiments, which throw much 
new light upon the nature of this metal.** We are indebted to 
Bucholz for a very elaborate and important set of experiments 
on this refractory metal and its compounds.-l-j- 

In 1825, Berzelius published an elaborate and satisfactory 
set of experiments on the oxides of molybdenum, and the salts 
which they form, by combining with acids.ifj 
procur. The simpl^est method of procuring molybdenum in a state of 
purity seems to be that put in practice by Hjelm. Molybdena 
is roasted in a moderate red heat slowly and repeatedly, till 
the whole is reduced to the state of a fine powder, and passes 
through a sieve. The powder is*to be dissolved in ammonia, 
the solution filtered, and evaporated to dryness. The residuum 
being moderate^. heated (adding a little nitric acid) leaves a 
white powder, which is the pure oxide of molybdenum. §§ By 
mixing this oxide with some oil or charcoal powder, and 
exposing it to a violent heat, it is reduced to the metallic 
state. The method followed by Bucholz was nearly similar. 
He has shown that heai reduces the oxide to the metallic state 
without its being necessary to add any charcoal. But no heat 
which he .could raise was high enough to melt this refractory 

* Scheele, L 236. j* Bergman’s Spiographia, p. 19, Eng. trans. 

J Crell’s Annals, WQO, i. 39, &c. § Jour, de Phys. 1785, Decembre. 

II Crell’s Annals, 1787^ i. 407. ^ Ibid. 1787, ii. 27, and 124. 

** Phil. Trans. 1795, p. 323. f-f Gehlen’s Jour. iv. 398, 

KongL Vetensk. Acad. Hand!. 1625, p. 145. 

§§ Crell’s Annals, iii. 338, Eng. transl. 
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metal into a solid button. The experiments of preceding fcetxiv. 
chemists had been equally unfortunate. 

The most convenient way of obtaining metallic molybdenum 
for chemical purposes is to put a quantify of molybdic acid into 
a porcelain tube, which passdl^ through a furnace, to heat it 
to whiteness, and then pass a current of dry hydr(^en gas 
through it as long as water continues to be formed. It is tlfen 
allowed to cool, taking care to keep the porcelain tube filled 
with hydrogen all the time. By this process, molybdenum 
is obtained in the state of a grayish powder susceptible of polish, 
and then assuming the metallic lustre. 

I. Hitherto the metal has been obtained only in small grains, Pitope^. 
or in pieces imperfectly agglutinated, and which break readily 
when struck. Its colour, from the observations of Bucholz, 
seems to be a silvery white,- but it frequently has a shade of 
yellow. Hjelm found its specific gravity only 7*400; but 
Bucholz, whose specimens had doubtless been exposed to a 

more violent heat, and were more compact, found it as high as 
8*615 or even 8*636.* Molybdenum is brittle. *It is noJ 
altered though kept under water. Its affinity for oxygen is 
not great. Hence it is not liable to undergo alteration when 
exposed to the atmosphere. 

Neither dilute sulphuric acid, nor muriatic acid, nor fluoric 
acid, dissolve it. But concentrated sulphuric acid attacks it ; 
sulphurous acid is disengaged, and a brown matter formed. 

Nitric acid dissolves it, and either forms a nitrate of molyb- 
denum or molybdic acid, According* to the proportion of the 
acid employed. It dissolves readily in aqua regia. When 
heated with nitre it is oxidized with rapidity. Hydrate of 
potash does not dissolve it by boiling; and when the molyb- 
denum and hydrated potash are heated in a crucible, the action 
is very slow and imperfect. 

II. When the metal is heated to redness in an o]>en vessel, oxidei. 
it absorbs oxygen, and is converted intft a brown powder, which 
becomes reddish if the heat be long continued, and at last, 
according to Bucholz, becomes blue. When the heat to which 

the metal is exposed is still higher, the molybdenum takes fire, 
and burns without flame, smokes, and deposites small brilliant 
white needles, which eonstitute molybdic acid. So ffir as we 
know at present, this metal combines with three different pro- * 
portions of , oxygen, and forms three okides, the first two of 


* Oehlen’s Jour. iv. 618. 
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Chap. n. which possess the characters of salifiable bases ; but the last is 
an acid. My knowledge of the protoxide is entirely derived 
from the experiments of Berzelius. I did not succeed in the 
experiments which I tfied in satisfying myself of its peculiar 
nature. But from analogy thdre can be little doubt of its 
existence.^ , 

Protoxide. *1. The method of obtaining protoxide of mdiybdenum, 
employed by Berzelius, was the following : Dissolve a molyb- 
date in a small quantity of ivnter; pour muriatic acid into the 
liquid till the molybdic acid at first thrown down be again dis- 
solved ; then digest the solution with distilled'ziiic. The liquid 
becomes first blue, then reddish brown, and at last black. If 
we continue the action of the zinc long enough, the protoxide 
of molybdenum falls down in the state of a l^lack hydrate ; 
but in general it remains in solution. To throw it down add 
as much ammonia as is sufficient to throw down the oxide of 
molybdenum, without acting u])on the zinc in solution. Wash 
it repeatedly with water, containing caustic ammonia, to dis- 
solve any oxide of zinc which may l)e mixed with it, then with 
pure water. Dry it first between folds of filtering pa])er, and 
then by placing it in the vacuum of an air-juimp, over sulphuric 
acid. It is very difficult to dry it without the absorption of 
more oxygen. Berzelius says that the last ])ortions of oxide 
of zinc may be removed by mixing a molybdate with a greater 
quantity of muriatic acid than m necessary to saturate its base, 
and then agitating it with mercury, in, which only a little pot- 
assium has been dissolved,* so as to j^revent it from being decom- 
posed too rapidly. The black liquid is now to be precijiitated 
by caustic amn^^lW- The precipitate, vdien waslied and dried, 
is pure hydrated^protoxide of molybdenum. I have not tried 
this process; but with the zinc I doubt whether it be possible 
to obtain an oxide of molybdenum fit for analysis. 

If we put a quantity of molybdic acid into muriatic acid, and 
a piece of zinc along e\dth it, and continue the action for a 
considerable time, the molybdic acid becomes black without 
dissolving, and is converted into protoxide of molybdenum. 
But it cannot be dried without absorbing oxygen, and being 
converted into deutoxide, or even partly into molybdic acid ; 
Tor it always assunies a blue colour. 

Protoxide of molybdenum dissolves with difficulty in acids. 
The solution is black and opaque; but when very dilute it 
has a grayish brown colour. The taste of these solutions is 
simply astringent. When the hydrated protoxide is lieated in 
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vacuoj it parts with its water slowly. If we raise the heat 
(after it has become anhydrous) to an incipient red, it glows 
and scintillates. The protoxide is now under the form of 
a black powder, and is insoluble in all a^ids. When the pro- 
toxide is heated in the open aiP it takes fire, burns faintly, and 
is converted into molybdic acid. This oxid« neither, dissolves 
in caustic potash nor in the alkaline carbonates. 

The attempts of Berzelius to determine the quantity of 
oxygen in this oxide were unsuccessful. Supposing the black 
oxide to exist, there can be little doubt from analogy that it is 
a compound of 

Molybdenum . . 6 

Oxygen . . 1 

7 

and that its atomic weight is 7. For it will appear, as we 
proceed, that the atomic weight of molybdenum is 6. This 
oxide, then, is a protoxide, and contains 1 atom of oxygen^^ 
united to 1 atom of the metal. 

2. The deutoxide is the oxide which I described in the last Dcutoxide. 
Edition of this work, under the name of protoxide. It was 
discovered by Bucliolz, who obtained it by the following pro- 
cess : Put dry molybdate of ammonia into a crucy>le, cover it 
with charcoal powder, and expose it to a white heat. The 
brown oxide will be found at die bottom of the crucible. It 
has a crystallized appearance, a deep copper colour, and a 
specific gravity of 5’666. * * 

The most advantageous mode of preparing this oxide, accord- 
ing to Berzelius, is to mix dry molybdate ofi’soda with sal 
ammoniac, and to heat the mixture rapidly in a covered platinum 
crucible till it cea^^s to exhale fumes of sal ammoniac. Let the 
crucible cool, and wash what it contains with water, which 
dissolves common salt, and leaves the deutoxide of molybdenum 
in the state of a very dark brown powd»r. 

Thus prepared it is very dark coloured, but appears purple 
in the light of the sun. It is insoluble in acids. Concentrated 
sulphuric acid, indeed, and bitartrate of potash, dissolve a little 
of it ; but how long soever the action be continued, they never 
take up any more. Nitric acid converts it irrf;o molybdic acid. 
Muriatic and fluoric acid have no action on it ; nor is it acted 
on by an alkaline ley. 

But when this oxide is in the state of a hydrate, it dissolves 
in acids, and is capable of forming salts with them. Now 

I. 2 a 
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we may obtsdn it in this state by the following process: 
Digest molybdenum in a concentrated muriatic solution of 
molybdic acid. The liquid becomes first blue, and after- 
wards a very deep red. When this last colour appears, 
add caustic ammonia to the solution, and the hydrated deut- 
oxide of molybdenum will be precipitated. A still easier 
method is to dissolve chloride of molybdenum (obtained by 
passing a current of chlorine gas over hot molybdenum) in 
water, and precipitate the solution by ammonia. Another 
method is to digest a mixture of molybdic acid, and copper 
in muriatic acid, till all the molybdic acid be dissolved. The 
liquid, which has a diiurk red colour, is to be mixed with a 
sufficient quantity of ammonia to keep the copper in solution, 
while it throws down the hydrated deutoxide of molybdenum. 

This hydrate has exactly the appearance of peroxide of iron. 
According to Berzelius, it is soluble in water. The solution 
has a yellow colour. Hence it cannot be washed with pure 
^ water. But it may be washed with water holding sal ammoniac 
in solution, and the sal ammoniac may be ultimately removed 
by alcohol. It should be dried in vacuo, over sulphuric acid. 
The saturated aqueous solution of this deutoxide has a deep red 
colour. When kept for two or three weeks in a close vessel, 
it assmnes the form of a jelly, without losing its transparency. 
This aqueous solution reddens litmus paper. It has a weak 
astringent taste, and leaves a metallic impression in the mouth. 

When dried it has a very dark bfown colour, and has lost 
the property of dissolving in wUter. When heated in vacuo 
it lets go its water, and the anhydrous deutoxide remains no 
longer soluble -in acids. The caustic alkalies do not dissolve it, 
but it is soluble in the alkaline carbonates. After being once 
precipitated, it is no longer soluble, except very feebly, in 
these carbonates. When an excess of an alkaline carbonate is 
poured into a salt of molybdenum, containing this oxide for a 
base, all the precipitete at first formed, is redissolved. The 
alkaline bicarbonates dissolve still more of it than the carbon- 
ates. When a solution of this oxide in carbonate of potash is 
left to itself for some time, the oxide is gradually acidified, and 
molybdate of potash formed. 

Berzelius foupd that 100 parts of "this oxide, when digested 
in nitric acid, were converted into 112*55 parts of molybdic 
acid. Now it will appear immediately, that molybdic acid 
contains ^d of its weight of oxygen. Consequently 112*55 
parts of molybdic acid contmns 37*5 parts of oxygen, and 100 
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deutoxide of molybdenum, is a compound of 75 parts molyb- stct.xiv. 
denum and 25 oxygen. Hence we have the oxygen in deut- 
oxide to that in molybdic acid as 25 to 37’5, that is as 2 to 3. 

Hence deutoxide must be a compound of 

1 atom molybdenufh . . 6 

2 atoms oxygen . . . 2 

8 

and its atomic weight must be 8. 

3. Molybdic acid is obtained most easily from native molyb- 
dena, by roasting it for some thne, and then dissolving the 
gray residue in ammonia. The solution is to be concentrated 
and then filtered. A little caustic ammonia being added to 
the liquid, after it has been sufficiently concentrated, it is to 
be set aside to crystallize. These crystals being exposed to a 
gentle heat in an open crucible, the ammonia is driven off, and 
pure molybdic acid remains behind; or deutoxide of molyb- 
denum maybe dissolved in nitric acid, the solution evaporated^, 
to dryness, and the dry residue exposed to a heat suffeciently 
strong to drive off all the nitric acid. 

Molybdic acid thus prepared, is a white light porous matter, 
which, when agitated in water, divides itself into crystalline 
scales, having a silky lustre when exposed to the djrect rays of 
the sun. At a red heat it melts into a deep yellow liquid, 
straw yellow and in crystalline scales when cold. Its specific 
gravity, as determined by, Bergman, is 3*46. In close vessels 
it is fixed at a red heat ; bift in an bpen vessel it begins to 
smoke and volatilize as soon as it enters into fusion. If we 
heat it in a platinum crucible, covered with a concave lid, con- 
taining water, it may be sublimed in yellow scales, which 
attach themselves to the inside of the vessel. It dissolves very 
sparingly in water; to which, however, it communicates the 
property of reddening vegetable blues. This solution has a 
weak metallic taste. Water takes up al«out j-fxjth part of its 
weight of this acid. No hydrated molyb^c acid is known. 

Before calcination it is soluble in acids, with which it com- 
bines, forming a kind of salts. It dissolves when boiled with 
bitartrate of potash, even after having been calcined. 

From the experiments bf Bucholz, it appeals that when 100 
parts of molybdenum are converted into molybdic acid, they 
unite with 49 or 50 parts of oxygen. I found that 15 grains 
of anhydrous molybdate of potash, when mixed with 20*75 
grains of anhydrous nitrate of lead, -^ere deprived exactly of 
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all their molybdic acid, which precipitated in the state of molyb- 
date of lead. The residual liquid contained no lead nor mo- 
lybdic acid. Now 20*75 parts of nitrate of lead contain 14 
parts of oxide of lead, which is the equivalent of an atom. 
Therefore 14 oxide of lead must have combined with an atom 
of molybdic acid.* 15 parts of molybdate of potash must have 
contained an atom of molybdic acid, and this atom must have 
been united to an atom or 6 of potash. Consequently molyb- 
date of potash is a compound of 

1 atom molybdic acid . . 9 

1 atom potash ‘ . . 6 ' 

15 

It is evident from this that an atom of molybdic acid weighs 9. 
And as Bucholz has shewn that -^d of its weight is oxygen, it 
follows that it is a compound of 6 molybdenum and 3 oxygen. 
6 then is the atomic weight of molybdenum, and molybdic acid 
Js a compound of » 

1 atom molybdenum . . 6 

3 atoms oxygen . . 3 

9 

4. Thera is another compound to which Bucholz gave the 
name of rmlyhdous acid, and which has a blue colour. It was 
obtained by him by the following process : Mix together 1 
part of molybdenum in powder and* 2 parts of molybdic acid, 
and triturate them in a porcelain mortar made into a pap with 
hot water till tlie mixture becomes blue, then add 8 or 10 parts 
of water, and l^oil the whole for a few minutes. Filter the 
solution, and evaporate in a temperature not exceeding 120®. 
The blue oxide remains in the state of a fine powder. If the 
whole of the mixture of molybdenum and molybdic acid be not 
dissolved, the process may be repeated with the residue as often 
as is necessary. It may be prepared also by triturating for a 
long time with water, three parts of deutoxide of molybdenum, 
and four parts of molybdic acid, and then boiling the mixture. 
The blue liquor is gently evaporated over a little metallic 
molybdenum. 

MTien we drop a solution of bichlftride of molybdenum into 
a concentrated solution of molybdate of ammonia, the blue mat- 
ter precipitates under the form of a powder. When we filter, 
the blue matter is left on the filter in a state very similar to 
indigo. It may be washed by a solution of sal ammoniac, in 
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which it is insoluble. It is soluble in water and also in alco- 
hoi. The aqueous solution is a fine blue. I found that when 
set aside for some time it became colourless, while a quantity 
of molybdic acid was deposited at the bottom of the phial. In 
a dry state it may be kept as long as* you please. When 
heated in vacuo it gives out water, acquirers a brownish blue 
colour, and loses its solubility in water. It is precipitated 
from water by sal ammoniac. It dissolves in acids and forms a 
fine blue solution. When evaporated to dryness, a thick blue 
matter is obtained, which gradually loses its colour. 

The aqueous solution of this blue substance is instantly 
deprived of its colour by the addition of an alkali. Deut- 
oxide of molybdenum is thrown down, and there remains in 
solution an alkaline molybdate. These phenomena seem to 
leave no doubt that Berzelius’s opinion respecting the nature 
of this blue matter, is correct. It is a solution of deutoxide of 
molybdenum in molybdic acid. Supposing it to be a neutral 
molybdate of molybdenum, its,constituents will be 

1 atom molybdic acid .... *9 

1 atom deutoxide of molybdenum . . 8 

17 

So that it consists of 2 atoms of molybdenum united to 5 atoms 
of oxygen. But Berzelius affirms, though apparently entirely 
from theoretical consideration,, that it is a compound of 83 
molybdic acid, and 17 deutoxide. That is to say of 
4^ atoms molybdic acid •. . 40*5 

1 atom deutoxide . . 8 

48*5 

It is plain that Bucholz’s opinion respecting its nature can- 
not be correct, otherwise it would be identical with deutoxide 
of molybdenum, which possesses very different properties. 

III. Chlorine and molybdenum unitg in three proportions, chlorides, 
forming three chlorides, analogous in th'eir constitution to the 
three oxides. 

1. Bichloride of molybdenum is the most easily obtained. BicWonde. 
When molybdenum is heated in chlorine gas, it takes fire, and 
burns, forming a dark rod vapour, which condenses in the cold 
part of the apparatus, in dark gray crystals, quite similar to 
iodine in appearance. These crystals 'constitute bichloride 
of molybdenum. It melts when slightly heated, and is easily 
sublimed. On congealing, it crystallizes. When exposed to 
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the air it ^ves out vapours, and soon begins to deliquesce. 
The solution is at first black ; it then becomes bluish green, 
and when diluted with water, it becomes deep red, and at last 
yellow. When kept in a vessel containing common air it 
absorbs oxygen, a white subliitiate appears, which is perchlo- 
ride of molybdenum. When put into water, this deutochlo- 
rlde acts upon the liquid with such violence, that an efferves- 
cence appears at the point of contact, as if a gas was separating, 
which, however, is not the case. When a little of the chloride 
is mixed with much water, the liquid becomes green or blue 
from the oxidizing action of the air. Berzelius informs us 
(but he does not appear to have subjected it to analysis) that 
this chloride is a compound of 

2 atoms chlorine . . 9 

1 atom molybdenum . . 6 

15 

So that its atomic weight is 15,, and it is analogous to the deut- 
oxide of molybdenum.* 

2. When metallic molybdenum is heated in the vapour of 
deutochloride of molybdenum, it absorbs the vapour, and is 
converted into a conglutinated dark red matter, which is the 
protochloride of molybdenum. When this matter is digested 
in water, only a little protomuriate of molybdenum is dissolved. 
The residual matter still retains its colour, and is insoluble in 
water and muriatic acid; but when, treated with an alkaline 
hydrate, muriate of thb alkali "is formed, and protoxide of 
molybdenum thrown down. It is obvious from tliis, that the 
chloride is a compound of 

1 atom chlorine . . 4*5 

1 atom molybdenum . . 6 


10*5 

and that its atomic wtiight is 10*5. W^hen heated to redness 
in vacuo, it sublimes into a dark green matter, soluble in water 
and muriatic acid. But when air has access to it, the subli- 
mate is tile red and insoluble in water; but equaUy resolvable 
by an alkaline hydrate into muriatic acid and protoxide of 
molybdenum, ^pie nature of this green sublimate is quite the 
same.f 

3. When anhydrhus deutoxide of molybdenum is heated in 


* Kongl. Vetensk. Acad. Handl. 1835, p. 154. 


f Ibid. p. 165. 
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dry chlorine gas» a yellowish white sublimate rises, and molyb- ^ 
die acid remains behind. This sublimate is a percldoride of 
molybdenum composed of 

3 . atoms chlorine . . 13*5 

1 atom molybdenum . . 6 

19-5 • 

The sublimate is in soft crystalline plates. It does not melt 
when heated, and is less volatile than the bichloride, but sub- 
limes easily under a red heat. It is very soluble in water and 
alcohol. Its taste is astringent* and metallic.* 

IV. We are still unacquainted with the combinations of bro- 
mine with molybdenum. 

V. We are acquainted with two compounds of iodine and lodWe*. 
molybdenum, analogous to the two oxides. No compound of 
iodine analogous to molybdic acid has been yet discovered. 

1. The vapour of iodine does not act upon molybdenum 
even at a red heat. But thq hydrated protoxide dissolves in 
hydriodic acid, and forms a salt quite similar to theY;hloridd^ 

2. In like manner, the hydrated deutoxide of molybdenum 
dissolves in hydriodic acid, and when the solution is evapo- 
rated, red crystals are obtained, constituting a deutoxide of 
molybdenum. The crystals by reflected light appear brown. 

When' this salt is heated to redness it is decomposed into 
hydriodic acid and deutoxide pf molybdenum.f 

VI. Nothing is kno^n respecting any combinations which 
molybdenum may be capaMe of forming with hydrogen, azote, 
carbon, boron, silicon, or phosphorus. 

VII. We are acquainted with three compounds of sulphur suiphide*. 
and molybdenum. But as none of these is analogous to the 
protoxide, protiodide, and protochloride, the probability is, that 

a fourth sulphuret will hereafter be discovered containing less 
sulphur than any of those at present known. 

1. Bisulphide of molybdenum occ^prs native, and is well BisuipbMc. 
known to- mineralogists under the name of molybdena. It is 
soft, has a leaden colom*, the metallic lustre, stains paper like 
plumbago, but leaves a dark gp*een streak on porcelain. Its 
specific gravity is 4*591. It may be exposed to a very high 
temperature in close wessels without undergoing any change. 

But in the open air its sulphur is soon dis^pated when heat i^ 
applied, and the molybdenum acidified.* Nitric acid oxidizes 

* Kongl. Vetensk. Acad. Hand!. 1825, p. 170. 
t Ibid. pp. 167 and 155. 
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it easily without dissolving it, while it is soluble in aqua regia. 
Caustic potash hardly acts upon it in the moist way, but when 
the two substances are fused together, a compound is formed 
which dissolves in water. This sulphide, according to the 
analysis of Bucholz, is a compound of 

1 atom^ molybdenum . . 6 

' 2 atoms sulphur . . 4 

10 

2. Tersulphide of molybdenum may be obtained by passing 
a current of sulphuretted hydrogen gas through a concentrated 
solution of a molybdate in water. The gas is absorbed with 
avidity, and on adding an acid, tersulphide of molybdenum 
precipitates. It is imder the form of a dark brown powder, 
which becomes quite black when dried. When distilled it 
gives out sulphur, and leaves bisulphide of molybdenum. 
When drawn along porcelain it leaves a brownish black line. 
It is scarcely soluble in caustic pptash, but dissolves readily in 
sfilphuret«‘of potassium, and in the hydrosulphurets ; at least 
when assisted by heat. We obtain the same tersulphide when 
we dissolve molybclic acid in a hydrosulphuret, and precipitate 
the solution by an acid. But the tersulphide in that case is 
often mixed with sulphur or with molybdic acid. Sulphuret- 
ted hydrogen' gas when left in contact with molybdic acid, 
renders it first blue and then bjack.* The tersulphide is a 
compound of 

3 atoms sulphur « . . 6 

1 atom molybdenum . . 6 

12 

3. Quatersulphide of molybdenum was first formed by Ber- 
zelius. It may be obtained by the following process : Pre- 
pare a combination of bisulphide of molybdenum with sulphuret 
of potassium.f To tliis jnust be added an excess of bisulphide 
of molybdenum, and the mixture must be boiled for a long time 
in a sufficient quantity of water. At a certain period the 
liquid becomes muddy, and a black powder precipitates. This 
powder is to be collected on a filter, and washed with cold water, 
till the liquid which passes through, when mixed with muriatic 
‘acid, lets fall a red ’precipitate and not a brownish black one. 

* Berzefiaf^ ,!S^ongl. Vetensk. Acad. Handl. 1825, p. 300. 

j;; salt which will be described in a subsequent part of this 

^woik. It is a Tei 7 beautiful crystallized salt. 
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Then boiling water is poured upon the black matter contained sect. xv. 
on the filter, as long as any thing is dissolved. A solution of 
a dark red colour is obtained, into which an excess of muriatic 
acid is to be poured. A dark red, translucent, bulky precipi- 
tate is obtained, which is to Ite washed on a filter. It consti- 
tutes quatersulpliide of molybdenum. 

When dried it is much less bulky, has the metallic luStre 
and a gray colour, but when pounded assumes a cinnamon brown 
colour. This quatersulpliide is a compound of 

4 atoms sulphur . . 8 

1 atom molybdenufh . . 6 

14* 

VIII. We are still unacquainted with the combinations 
which molybdenum may be capable of forming with selenium 
and tellurium. 

IX. W^hen arsenic and molybdenum are melted together, Araenict. 
the whole of the arsenic sublimes ; but when oxide of arsenic 

is employed, a combination takes place, from which ihe arsenic 
is not easily separable again.f 

X. No attempt has hitherto been made to alloy antimony 

with molybdenum ; we do not therefore know whether these 
two metals be capable of combining with each other. Nor is 
any thing known respecting the alloy of molybdenum and 
chromium. • 

The salts of molybdeaium have slightly poisonous qualities. M^btfonna 
Hitherto this metal has not been applied to any useful purpose. 

Could it be procured in sufficient quantity it would be service- 
able to the calico-printers by striking a blue upon cloth, which 
would in all probability be much less easily altered than prus- 
sian blue, at present applied as a colour on calicoes. But the 
great scarcity of this metal renders any useful application of it 
very unlikely. The method of dyeing blue by means of molyb- 
denum is easy. Apply a mordant consisting of protochloride 
of tin to the cloth, and then pass it through a solution contain- 
ing molybdic acid, molybdate of molybdenum is formed by the 
action of the tin, and at the same time fixed upon the clotli. 

SECTION XV. OF TUNGSTEN. 

There is a mineral found in Sweden of an opaque white 'kifhay. 

* Berzelius ; Kongl. Vetensk* Acad. Handl. 1825, p. 314. 
f Creirs Annals, iii. 368. 
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colour and g^eat weight ; firoih which last circumstance it got 
the name of tungsten^ or ponderous stxme. Some minerali^ists 
considered it as an ore of tin, others supposed that it contained 
iron. Scheele analyzed it in 1781, and found that it was com- 
posed of lime and a peculiar eaithy-like substance, which he 
called from its properties tungstic acid* * * § Bergm»an conjec- 
tured that the basis of this acid is a metal ;t and this conjecture 
was soon after fully confirmed by the experiments of Messrs. 
D’Elhuyart, who obtained the same substance from a mineral 
of a brownish-black colour, called by the Germans wolfram^X 
which is sometimes found in fin mines. This mineral they 
found to contain of tungstic acid; the rest of it, consisted 
of manganese and iron. This acid substance they mixed with 
charcoal powder, and heated violently in a crucible. On open- 
ing the crucible after it had cooled, they found in it a button 
of metal, of a dark brown colour, which crumbled to powder 
between the fingers. On viewing it with a glass, they found 
i^ to consist of a congeries of metallic globules, some of which 
were as large as a pin-head. The metal thus obtained is called 
tungsten. The manner in which it is produced is evident: 
tungstic acid is composed of oxygen and tungsten ; the oxygen 
combined with carbon, and left the metal in a state of purity.§ 

The experiments of the Elhuyarts were repeated in 1796 
by Vauquelin and Hecht, in general with success ; but they 
were unable to procure the metal completely fused, though 
this had been accomplished by the Spanish chemists. || Nor is 
tliis to be wondered at, as Dr. Pearson^ and Mr. Klaproth** 
had made the same attempt before them without succeeding. 
The fusion of this metal has been also accomplished by Messrs. 
Allen and Aitken of London. They succeeded by applying a 
strong heat to the combination of the oxide of tungsten and 
ammonia.-|-t- Since that time a set of experiments on tung^sten 
has been published by Bucholz, J:j; some valuable investigations 
on the compositions of ite oxides have been made by Berzelius,§§ 

* Scheele, ii. 81. f Ibid. ii. 91. 

t Wolfram had been analyzed in 1761 by Lehmann. He imagined it a 

compound of iron and tin. See his Probierkunst, p. 8. 

§ Mem. Thoulouse, ji. 141. This memoir has been translated into English. 

II Jour, de Min. No. xix. 3. ^ Transl. of the Chem. Nomenclature. 

** Observ. on the Fossils of Cornwall, p. 77. 
f f Aiken’s Dictionary of Chemistry, ii. 445. 

Schwei^r’s Journal, iii. 1 ; and Annals of Philosophy, vi. 198. 

* §§ Annals of Philosophy, iii. 244. 
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and a most important set of experiments on its oxide and Bectxv. 
chlorides has been published by W'bhler.* 

The following process, for which we are indebted to M. 
Wohler, is the easiest method of obtaining tungsten in the * 
metallic state.t Fuse togetller a mixture of wolfram and car- 
bonate of potash in a crucible. Then digest the fi^ped mass in 
water which will dissolve the tungstate of potash formed. * To 
this solution add a quantity of solution of sal ammoniac in 
water, and evaporate the whole to dryness. Put the dry saline 
residue into a Hessian crucible, and heat till the sal ammoniac 
is entirely decomposed or dH^sipated. The residual matter 
being now dissolved in hot water, a heavy black powder 
separates which is oxide of tungpsten. Let it be boiled in a 
weak solution of potash to remove a small quantity of bitung- 
state of potash that it may contain, and finally in pure water. 

When this powder is heated in an open crucible it takes fire, 
and is converted into tungstic acid.^ The affinity of tungsten 
for oxygen not being very strong, it is easily reduced to the 
metallic state by passing a current of dry hydrogra gas over 
tungstic acid heated to redness in a glass tube. If bitungstate 
of potash be used instead of tungstic acid the excess of acid is 
easily reduced by hydrogen, and when the neutral salt is washed 
away by water the metallic particles remainmg have more 
lustre than when tungstic acid is used. 

1. Tungsten, called by some of the German chemists schee- Propertie*. 
Hum, and by Berzelius wolframium, is of a grayish-white 
colour, or ratlier like that bf steel, find has a good deal of bril- 
liancy. It is one of the hardest of the metals : for Vauquelin 
and Hecht could scarcely make any impression upon it with a 
file. It seems also to be brittle. Its specific gravity, accord- 
ing to the D’Elhuyarts, is 17*6 ; according to Allen and 

* Kongl. Vetensk. Acad. Handl. 1824, p. 101. 

*{- It is merely a modification of Bucholz’s process for obttuning tungstic 
acid, which is as follows ; Mix 1 part of wolfrdm in fine powder with 2 parts 
of tvbcarbonatc of potash ; keep the mixture melted in a crucible for an hour, 
stirring it occasionally. Then pour it into an iron cone. Before the mass 
be quite cold, reduce it to powder, and boil water on it repeatedly till the 
liquid comes off tasteless. Mix all the watery solutions together, and pour 
muriatic acid into them a» long as any precipitate appears. Wash the pre- 
cipitate ; dissolve it in boiling carbonate of potaslT, precipitate it again b^ 
muriatic acid, wash the precipitate, and dry it upon filtering paper. It is 
pure tungstic acid. See Jour, de Chim. iii. 220. 

Kongl. Vetensk. Acad. Handl. 1824, p. 99. 
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Aiken, 17’33.* Bucholz found Jt 17*4,| which being nearly 
a mean of the preceding results, may be taken as very near the 
truth. It is therefore the heaviest of the metals ^ter gold, 
' platinum, and iridium. ^ It requires for fusion a very high 
temperature. It seems to have thfe’property of crystallizing on 
cooling, like all thfi other metals ; for the imperfect button 
produred by Vauquelin and Hecht contained a great number 
of small crystals. It is not attracted by the magnet. 

Oxides. II. When heated in an open vessel, it gradually absorbs 

oxygen, and is converted into an oxide. Tungsten seems 
capable of combining with two different proportions of oxygen, 
and of forming two different oxides ; the brown or blaeki and 
the yellow or tungstic acid. 

Brtmi oxide. 1. Brown oxide of tungsten seems to have been observed by 

Bucholz j but its nature w«is first accurately investigated by 
Berzelius. He obtained it by putting a quantity of tungstic 
acid in a glass tube, heating it to a very low red heat, and 
passing through it while in that state a current of hydrogen 
gas. W^aier was formed, and the acid deprived of a portion of 
its oxygen. The oxide formed had a flea-brown colour, and 
when heated in the open air takes fire and burns like tinder, 
and is converted into timgstic acid. The process of Wohler 
given at the beginning of this section, furnishes this oxide 
also ; but the colour is black instead of brown, owing doubtless 
to a different state of aggregatio*. 

When obtained by the action of hydrogen gas on tungstic 
acid, it has a brown colour and thS metallic lustre, and if we 
employ crystallized tungstic acid (obtained by decomposing 
tungstate of ammonia in an open vessel) it has a crystalline 
texture. It has then a good deal of the appearance of copper. 
If dilute muriatic acid be poured upon tungstic acid, and a 
plate of zinc be put into the liquid, the oxide of tungsten is 
deposited in beautiful copper red flocks. But when thus pre- 
pared it cannot be preserved ; for it speedily absorbs oxygen, 
and is converted into tungstic acid. The oxide prepared by 
the dry way may be kept without alteration. When heated it 
burns like tinder, and is converted into tungstic acid. W^bhler 
found that 100 parts of the black oxide when thus heated 
absorb 8 parts of o^rygen during the conversion into tungstic 
acid. This agrees very well with the previous experiments of 

* Aiken’s Dictionary of Chemistry, ii. 445. 

f Annals of Philosophy, vi- 205. 
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Berzelius on the brown oxide, showing that the difference in 
colour is not owing to any difference in constitution. Now it 
appears from the experiments of Berzelius, that 100 parts of 
tungsten, when converted into tungstic acid, unite with from 
25'32 to 25 '355 of oxygen. It is easy to deduce from these 
two sets of experiments, that the two oxides of tungsten are 
composed as follows : 

MeUI. 

Brown oxide of . . 100 + 16*04 oxygen 

Tungstic acid . . 100 + 25*33 

Now 16*04 is to 25*33 very nearly as 2 to 3. The probability 
from this is, that brown oxide of tungpsteh is a compound of 1 
atom metal and two atoms oxygen, while tungstic acid contains 
3 atoms oxygen. This would make the atomic weight of 
tungsten 12*5 if we calculate from the oxide, and 11 *848 if we 
calculate from the acid. I am disposed to consider the first 
number as the correct one, and to make the atomic weight of 
tungsten 12*5. , 

In my First Principles I have shown that a tungsftlte of soda 
which I formed by boiling tungstic acid in a solution of car- 
bonate of soda, till it refused to take up any more, was a com- 
pound of 

Tungstic acid . . 18*75 

Soda . . . 4 

Water • * . . 6*75 

29*50 

The soda and water amounting to exact atomic proportions, I 
was led to consider 18'75 as the atomic weight of tungstic acid. 

But Wohler has since proved that soda is capable of combin- 
ing with an excess of tungstic acid. This destroys the legiti- 
macy of the consequences which I drew from my analysis. For 
I may probably have analyzed a sesquitungstate. It will be 
safest then, till a greater number 4 >f tungstates have been 
subjected to analysis, to deduce the atomic weight of this body 
from the experiments of Berzelius, though it is evident that 
these experiments are not perfectly accurate. 

Wiihler has discovered a curious compound of oxide of soda-oxidcof 
tungsten and soda, which would deserve to he farther investi- 
gated. His method was to fuse tungstate of soda, and dissolvfe 
in it as much tungstic acid as it would take up. Over this 
supersalt heated to redness in a glass tube, dry hydrogen gas 
* Kongl. Vet. Acad. Handl. 1824, p. 324. 
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was made to pass. It gradually assumed the colour of copper. 
After washing out the timgstate of soda, the new compound 
remains crystallized in cubes, and having a fine golden colour 
< and the metallic lustre. It is not acted on by water, sulphuric 
acid, nitric acid, nor aqua regia, nor by alkaline solutions. 
Fluoric acid dissolves it. Oxygen gas, chlorine, and sulphur, 
decompose* it when the temperature is raised pretty high. 
According to the analysis of Wohler it is composed of 
Oxide of tungsten . . 87*6 

Soda .... 12*4 

Now this corresponds very neai*ly to 

2 atoms oxide of.tungsten . . 29 

1 atom soda . ' . . . . 4 

33 

It would appear from this that oxide of tungsten, in this com- 
pound, acts the part of an acid.* 

Tungstic acid. 2. The easiest method of obtaining tungstic acid is to expose 

thd black <.xide of Wohler to a red heat. It bums like tinder, 
and is converted into tungstic acid. 

When we form tungstic acid by fusing wolfram with potash, 
and precipitating the tungstic acid from the tungstate of potash 
formed, by means of nitric acid, Bucholz has shown that it 
is never free from potash and silica. Berzelius gives the fol- 
lowing process for purifying it : .Pissolve the impure tungstic 
acid in hydrosulphuret of ammonia, filtqr the solution, and add 
nitric acid to it. A dark brown precipitate falls, consisting of 
sulphuret of tungsten. Wash it with water holding a little 
nitric acid, as it is slightly soluble in pure water. Dry it and 
roast it in a gentle heat. Txmgstic acid remains of a pale 
lemon yellow colour. 

When strongly heated it becomes green, as it does also when 
exposed to the rays of the sun. Its specific gravity, as deter- 
mined by Mr. BLarepathf is 5*274; but Berzelius makes it as 
high as 6*12. It is tasteless, insoluble in water; but very 
soluble in the caustic alkalies. Tungstic acid has the property 
of combining with other acids. W^hen precipitated from 
tungstate of ammonia by an acid, the precipitate is always a 
compound of tungstic acid and of the acid employed to throw it 
down. Sulphuric acid forms with it a white magma insoluble in 
sulphuric acid, soluble in water, but again precipitated by an 

* Kongl. Vet. Acad. Handl. 1824, p. 103 . 
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acid. The compound of tungstic acid and nitric acid is lemon 
yellow, and imperfectly soluble in water. The compound of 
this acid with muriatic resembles its compound with sulphuric. 

When tungpstic acid is partially reduced it becomes blue like 
molybdic acid. This happens when zinc is put into a liquid 
containing tungstic acid, or when tungs^te of ammonia is 
decomposed by distillation in a retort. In this last cas 9 an 
indigo blue powder is obtained, which Berzelius assures us is a 
tungstate of tungsten composed of 

Tungstic acid . . 81*1 

Oxide of tungsten* . . 18*9 


This is exactly 

4 atoms tungstic acid 
1 atom tungstic oxide 


62 

14-5 


. 76-5 

Tlie powder is therefore a quatertungstate of tungsten. 

It has been already stated that tungstic acid is a compound of 
1 atom tungsten • . 12*5 

3 atoms oxygen . . 3 


15»5 

So that its atomic weight is ^5*5. 

III. The chlorides of tungsten have been investigated by chloride,. 
W^iihler, who has shown that they amount to tliree. 

1. Bichloride of tiuigsten is obtained, when metallic tung- Bichloride, 
sten is heated in a current of chlorine gas. It takes fire and 
forms a chloride of a deep red colour, which sublimes and depo- 
sites itself in the form of fine needles interlaced together. It 
melts at a low heat, and is converted into a red vapour of a 
much deeper colour than the fumes of nitrous acid. ^V^ater 
decomposes it into oxide of tung^|en and muriatic acid. 

Hence it is evidently a compound of ‘ 

2 atoms chlorine . . 9 

1 atom tungsten . . 1^*5 


21-5 

And its atomic weight is 21*5. Caustic potash decomposes it 
with the evolution of hydrogen g^. Ammonia also dissolves 
it with the evolution of a little gas. When the solution is 
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heated, brown oxide of tungsten is deposited, and the liquid 
becomes colourless. 

2. Terchloride of tungsten is formed, when oxide of tung- 
sten is heated in a current of chlorine gas. The oxide takes 
fire, leaves a residue of tungstic acid, and the cliloride sublimes 
in yellowish whitf plates, resembling native boracic acid. 
This chloride is very volatile, and rises in the state of a yel-^ 
low vapour without melting. Its smell is suffocating, and when 
exposed to the air it absorbs moisture, and is resolved into muri- 
atic acid and tungstic acid. Hence its constituents must be 

3 atoms chlorine « . . 13*5 

1 atom tung^n . . 12*5 

26 

When heated on platiniun foil over a spirit lamp, the vapour 
exhaled is decomposed by the water from the flame, and tung- 
stic acid appears in a white smoke, like flowers of zinc. 

3. Wohler obtained a third chloride by heating sulphuret 
of 'tungst<3i in chlorine. It has a much finer red colour than the 
bichloride, and forms long transparent needles. When heated 
it gives out a vapour having the colour of nitrous acid. When 
exposed to the air, it is rapidly changed into muriatic acid and 
tungstic acid. In water it swells up, heat is given out, and it 
is instantly converted with a hissing noise into muriatic and 
tungstic acids. The difference, between the composition of 
this chloride and the preceding has not^ been ascertained.* 

IV. Nothing is known "respectiftg the borides and iodides 
of tungsten ; nor do we know whether, it combines with hydro- 
gen, azote, carbon, boron, or silicon. 

V. Pelletier ascertained that tungsten combines with phos- 
phorus ; but the properties of the phosphuret were not exa- 
mined.f 

VI. Tungsten combines with two proportions of sulphur, 
forming compounds analogous to the oxide and acid of tungsten. 

1. Bisulphuret of tungsten was obtained by Berzelius. He 
obtained it by mixing tungstic acid with four times its weight 
of sulphuret of mercury, putting the mixture into a crucible, 
covering its sui^ce with charcoal powder, and exposing it for 
half an hour to a violent heat. It may be obtained also by 
passing a current o^ sulphuretted hydrogen gas over tungstic 


* Kongl. Vetens. Acad. Hand. 1824, p. 108. 
f Ann. de Chim. xiii. 137. 
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acid heated to whiteness in a porcelain tube. Bisulphuret of 
tungsten thus formed is a gfrayish black powder, which '>^hen 
rubbed upon a polished hematite assumes a beautiful metallic 
lustre. Berzelius* found it a compound of 
Tungsten .• . * 100 

Sulphur . . 35*26 

Thus it contains twice as much sulphur as the brown oxide 
does oxygen. It is therefore a compound of 1 atom tungsten 
+ 2 atoms sulphur. 

2. Tersulphuret of tungsten is obtained by dissolving tung- xeriuiphuret, 
Stic acid in a hydrosulphuret, and precipitating the solution by 
an acid added in excess, washing and then drying the precipi- 
tate. Its colour is liver brown, but it becomes black in drying. 

It is soluble in water, and boiling water takes it up in consid- 
erable quantity, and assudies a yellowish brown colour. Sal 
ammoniac throws down the greatest part of it, but not the 
whole. When the aqueous solution is much concentrated by 
evaporation, it deposites the ^tersulphuret in the state of a 
transparent yellow matter, which, by drying, is converted inft> 
a powder less soluble in water than formerly. When boiled 
with water in a retort, a small quantity of sulphuretted hy- 
drogen is given out, owing probably to the acidification of a 
little of the tungsten. When heated it g^ves out a little water 
and sulphuretted hydrogen, then sulphur sublinfes and bisul- 
phuret remains. It dissolves^ slowly in ammonia and the 
caustic fixed alkalies. The alkaline carbonates dissolve it 
without heat, assume a brown colour, and are converted into 
bicarbonates. According to the analysis of Berzelius, to whom 
we are indebted for our knowledge of tliis sulphuret, it is a 
compound of 

3 atoms sulphur . . 6 

1 atom tungsten . . 12*5 


18*5 

VII. We know nothing of the combinations which tungsten 
may be capable of forming with selenium, arsenic, tellurium, 
chromium, and molybdenum. 100 grains of tungsten were 
heated with 50 grains of antimony by the Elhuyarts; the 
button was of a dark brown colour, shining, something spongy, 
harsh, and broke in pieces easily : it weighed 108 g^rains. This 
was an alloy of • 


• Annals of Philosophy, iii. 845. 
I. 2 B 
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8 atoms tungsten . . 100 

1 atom antimony . . 8 

108 

According to tlie trials of M.«C. G. Gmelin, tungsten, even 
when in the stat^ of an acid, has no injurious effect on the 
adimal economy, when taken internally. 

SECTION XVI. OF COLUMBIUM. 

In the year 1801, while Mr. Hatchett was engaged in 
arranging some minerals in' the British Museum, a dark- 
coloured heavy substance" attracted his attention, on account 
of some resemblance which it bore to chromate of iron. The 
specimen was small. It was described in Sir Hans Sloane’s 
catalogue as “ a very heavy black stone with golden streaks 
and it appears that it was sent, along with various specimens 
of iron ores, to Sir Hans Sloane by Mr. Winthrop of Massa- 
chusetts. Its colour was a darjc brown gray ; its longitudinal 
fi’acture'^mperfectly lamellated, and its cross fracture showed a 
fine grain. Its lustre was glassy, and in some parts slightly 
metallic. It was moderately hard, but very brittle. By tri- 
turation it yielded a powder of a dark chocolate brown, not 
attracted by the magnet. Its specific gravity at the tempera- 
ture of 65°, was 5*9 18. 

By an ingenious analysis ,of this mineral, Mr. Hatchett 
ascertained that it was composed of, 1 part of oxide of iron, 
and rather more th.Tn 3 parts of a white coloured substance 
which possessed the properties of an acid, and exhibited un- 
doubted proofs of being composed of oxygen united to a 
metallic basis. Mr. Hatchett demonstrated, that it differs from 
all the metallic acids hitherto examined ; of course its metallic 
basis must be also peculiar, and required a distinct name. 
Accordingly he gave it the name of columhium. 

Soon after Mr. Hatchett’s discovery a metallic substance 
was detected in Sweden by Mr. Ekeberg, differing from every 
other with which he was acquainted. To this metal he gave the 
name of tantalum, and to the minerals from which he obtained 
it die names of tantalite and yttrotantalite.* In the year 1809, 
Dr. Wollaston procured specimens of the Swedish minerals, 
and by a careful comparison of the new oxide which it con- 
tained with the neW oxide in the mineral in the British Mu- 
seum, analyzed by Mr. Hatchett, he demonstrated that colum- 
* Vetenscaps Academiens Handlingar, 1802, p. 268. 
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hixim and tantalum are one and the same substance.* In the 
year 1815, Assessor Gahn of Fahlun and Professor Berzelius 
discovered various new minerals in the iiciglibourhood of 
Fahlun, containing tantalum. Berzelius analyzed these mine- 
rals, and attempted to reduce the oxide to the metallic state by 
heating it violently in a charcoal crucible. ‘The matter whjch 
he got was gray and agglutinated together, and did not con- 
duct electricity.f He took it at first for metallic eolumbium ; 
but found afterwards that it was ojily the oxide of that metal. 

He resumed his labours in 1824, and succeeded in obtaining 
eolumbium in tlie metallic state.^J 

Perhaps the simplest method of extracting the oxide of 
eolumbium or columbic acid from the mineral called tantalite 
is the method employed hy Wollaston, which is as fol- 
io \vs: Mix together 1 part of tantalite with 5 parts of carbon- 
ate of potash and 2 jiarts of borax, and fuse the mixture in a 
platinum crucible. Soften the fused mass with water, and 
then digest it in muriatic a«id. The iron and manganese 
which existed in the mineral combined with the oxide of tan- 
talum are dissolved, and nothing remains but the eolumbium 
in the state of a white j)owder.§ 

To obtain eolumbium from this acid Berzelius dissolved it in 
fluoric acid, and formed what he considered as a*fluocolumbic 
acid. This acid was saturated with potJish, and the solution 
evaj)orated to dryness. The Mry salt freed from water was 
treated witli potassium hi the way formerly described as prac- 
tised by him to obtain silicon. The eolumbium is reduced at 
an incipient red heat, with the evolution of light. Water 
removes the fluate of potash, and leaves the eolumbium in a 
state of purity. 

Columbiiim thus obtained is a black powder, which cannot Properties, 
be fused though exposed to a very high temperature. Under 
the burnisher it assumes the metallic lustre, and an iron gray 
colour. It does not conduct electricity:. This led Berzelius 

* Phil. Trans. 1809, p. 246. 
f Afhandlingar, iv. 252, 262. 
t Kon^. Vetensk, Acad. Ilandll 1824, p. 282. 

§ Berzelius found tungsten in some of the tantalites from the neighbour- 
hood of Fahlun, which he exiunined, and he states in a letter to me, (Annals 
of Philosophy, iv. 467,) that Ekeberg found the columbic acid of Hatchett, 
which he examined, a mixture of oxides of tantalum and tungsten. But I 
doubt the accuracy of this statement, because Dr. Wollaston found no 
tungsten in columbite; nor could he detect any, though he made a new 
trial at my request after receiving Berzelius's letter. 
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to examine the yellow crust which covers the agglutinated 
matter obtained when columbic acid is violently heated in 
charcoal. He found it to conduct electricity perfectly, and 
therefore concluded that it was metallic columbium. The 
colour of this metal then is whi?e, with a shade of yellow. 

jColumhium is hot altered by exposure to the air. When 
heated it takes fire considerably under a red heat, glows 
vividly, but without flame, and is converted into columbic acid. 
Sulphuric, nitric, and muriatic acids, and even aqua regia, have 
very little action on it. Fluoric acid dissolves it with the dis- 
engagement of hydrogen gas, and the evolution of heat. The 
solution takes place still more rapidly in a mixture of fluoric 
and nitric acids. Caustic potash does not act upon it in the 
humid way ; but when fused with it the metal is oxidized. 

II. F rom the experiments of Berzelius, it appears that 
columbium combines with two proportions of oxygen, forming 
an oxide and an aci<l. 

, 1. 0:^de of columbium may*be obtained by putting colum- 
bic acid into a charcoal crucible, and exposing it for an hour 
and a half to the heat of a forge. The matter is much reduced 
in bulk, is agglutinated together into a gray porous mass, the 
specific gravity of which, as determined by Dr. W^ollaston, is 
5*61. Undor the burnisher it assumes somewhat of the me- 
tallic lustre. It is easily triturated into a brown coloured 
powder. Its particles are hard* enough to scratch glass. It is 
not acted upon by any acid ; but when*fused with caustic potash 
it is converted into columbic acid, which unites witli the potash. 
It detonates with nitre. It exists native in a peculiar species of 
columbite at Kimito in Finland, which has a specific gravity of 
7"9, and gives, when triturated, a cinnamon brown colour. 

Berzelius found that when this oxide of columbium was 
converted into columbic acid, 100 parts of it absorbed in dif- 
ferent experiments 3*5, 4, and 4-2 parts of oxygen. The mean 
of which is 3'9 oxygdh. But by an analysis of sulphuret of 
columbium, he showed that 100 parts of it, when converted into 
columbic acid, became 89*57 parts. Now, if we consider the 
sulphuret to contain as many atoms of sulphur as columbic acid 
does of oxygen, (and from the way in which it was formed, this 
must be the case,) <;hen, as tlie atom of sulphur is just double that 
of oxygen, it is clear tljat 1 0*43, the difference between the weight 
of the sulphuret and acid, must be equal to the quantity of oxy- 
gen in 89*57 parts of columbic acid. Hence 100 columbic acid 
must contain 1 1*64 parts of oxygen, or it must be a compound of 
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Columbium . . 100 sect.xvi. 

Oxygen ■ . • 13.17 

Now as 100 oxide of columbium becomes 103*9 when con- 
verted into columbic acid, it is clear tljat it must contain 8*19 
parts of oxygen, and conseqifently oxide of columbium must 
be a compound of • 

Columbium . . 100 

Oxygen . . 8*81 

Now the numbers 8*81 and 13*17 are to each other nearly as 
2 to 3. It is .obvious from this, that oxide of columbium must 
be a compound of 1 atom colfimbium and 2 atoms oxygen, 
while columbic acid consists of an atom of columbium united 
to 3 atoms oxygen.* 

The numbers 8*81 and, 13*17 not being exactly in the ratio 
of 2 to 3, it is evident that the experiments are not quite accu- 
rate. The safest mode of proceeding will be to adopt 13*17 
as probably the most correct: dividing this sum by 3, the 
quotient is very nearly 4*39, •which gives us the weight of an 
atom of oxygen, that of columbium being 100. Divtding lt)0 
by 4'39, we ol)tain 2*2*77 for the atomic weight of columbium. 

As the oxide of columbium employed by Berzelius does not 
seem to have been j>erfectly pure (for he considered it as having 
contained a little manganese), we can have no hesitation in 
making the atomic weight of columbium 22*75. Consequently 
that of oxide of columbium will be 24*75. 

2. Columbic acid may be obtained by the process described 
at the beginning of this section, or we may employ the more 
elaborate process of Berzelius, which is as follows : Reduce 
tantalite to an exceedingly fine powder, and mixing it with 8 
times its weight of dry bisulphate of potash, heat it to redness 
in a platinum crucible, and continue the heat till it flows quite 
liquid, and till all tlie powder of tantalite has disappeared^ 

Then reduce it to powder, and boil it with water till that 
liquid refuses to take up any thing merg. The sulphuric acid 
in excess in the bisulphate dissolves the oxides of iron and 
manganese of the tantalite, which solutions are carried off by 
the water, while the columbic acid is left behind in the state of 
a white powder. But it is not quite pure ; for it retains a 
portion of peroxide of iron, sometimes peroxide of tin, and^ 
even tungstic acid is occasionally present in it. To purify it 
from these foreign bodies, it must be ’digested in hydrosul- 


♦ Kongl. Vetensk. Acad. Handl. 1824^ p. 289. 
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Chap. II. phuret of ammonia, which dissolves the peroxide of tin and 
the tungstic acid, and converts the iron into sulphuret, while at 
the same time the columbic acid becomes green or black. Wash 
it with water containing a little hydrosulphuret of ammonia to 
prevent the iron from being oxihized. Then boil it in concen- 
trated miyiatic acid till it becomes quite- wliite. The iron is dis- 
solved, and tlie columbic acid remains behind in a state of purity. 

Columbic acid tlius prepared is a white tasteless powder, 
which reddens litmus paper. When heated it gives out water, 
and when anhydrous no longer acts upon litmus paper. :- Its 
specific gravity, according to IJerzelius, is 6*5. The hydrated 
acid, according to Berzelius, is a compound of 
1 atom acid . . 25*75 

3 atoms water . 3*375 


28*125 

By allowing columbic acid to dry in the open air on tlie filter, 
I ^obtained a hydrate composed of 

* 1 atom acid . . 25*75 

11 atoms water . . 12*37.5 


37*125 

Columbic acyl is soluble by fusion in bisulphate of potash ; 
but it precipitates when the salt is digested in water. It dis- 
solves in an aqueous solution of quadroxalate of potash. The 
solution is colourless, and the alkalies throw down the columbic 
acid. This solution enables us easily to determine whether 
the columbic acid contains tungstic acid. If it does, the 
saturated solution gelatinizes on cooling, and when a piece of 
zinc or tin is put into it, the colour becomes blue. I found it 
to dissolve in sidphuric and muriatic acids only in a minute 
proportion. This was the case also with oxalic and tartaric 
acids. It has not the jiroperty of saturating these bodies, or 
of uniting with them*'in definite proportions. After being 
exposed to a red heat, it is quite insoluble both in alkalies and 
acids, and to recover its solubility we must fuse it with caustic 
potash, or with bisulphate of potash. 

From the experiments of Berzelius, related in a preceding 
part of this section*, this acid appears to' contain three atoms of 
oxygen, and its atomic weight is obviously 25*75. 

I found that columbic acid combines with soda, and forms a 
beautiful salt, crystallized in fine silky scales, like boracic acid. 
This salt rendered cudbear paper purple, and therefore acted 
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as an alkali. But this property was not removed by digesting xvi. 
it in alcohol. I found the composition of tliis salt to be 


Columbic acid 

• 

19 

Soda 

• 

. . 4 

Water 

■ 

11-25 



34-25* 


I. concluded from this analysis that the atomic weight of co- 
lumbic acid is 19. The only objection that can be made to 
this conclusion is, that my salt might have contained an excess 
of soda. For on the suppositfon that the atomic weight of 
columbic acid is 25 - 75 , then my saft would have been a com- 
pound of 

1 atom columbu;acid . . 25’75 

atom soda . . 5-33 

14 atoms water . . 15*7 5 


46-83 

It would be necessary to clear up this point by analyzing some 
more of the salts of columbic acid before we could venture to 
make use of 19 as the true atom of columbic acid. But the 
scarcity of this rare substance puts it out of our power to make 
the requisite researches on it. I am rather incjined to adopt 
the number 19. My analysis, however, was made upon too 
small a scale for very great accuracy, though I expended on it 
all the columbic acid which was in my possession. 

III. When columbium is heated in chlorine gas, it takes chiorida 
fire and burns brilliantly, and is converted into a vapour resem- 
bling chlorine. This vapour condenses on the colder parts 
of the apparatus into a white matter with a slight shade of 
yellow, resembling meal in appearance. When moistened 
with water a hissing noise is produced, and heat evolved, while 
at the same time the chloride is converted into muriatic and 
columbic acid. It is obvious from tliis*t}iat the compound is a 
terchloride, composed of 

3 atoms chlorine . . 13.5 

1 atom columbium . . 22-75 


• 36-25t 

IV. No attempts have been made to obtain the bromide or 
iodide of columbium. 

* First Principles, ii. 78. 
f Kongl. Vetensk. Acad. Handl. 1824, p. 288. 
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V. Hydrated columbic acid dissolves readily in fluoric acid. 
When the solution is concentrated by keeping it in the tem- 
perature of 86°, crystals are formed in it. These dissolve in 
water, and are consideised by Berzelius, who obtained them, as' 
a combination of fluoric and columbic acid. On that account 
he ,has given them the name of hydroflujocolumhic acid. They 
effloresce in the air, and then lose their property of dissolving 
in water. W^hen the aqueous solution is evaporated to dry- 
ness in a gentle heat, a matter like white enamel is obtained 
quite the same as the effloresced crystals. Berzelius considers 
this as a fluoride of columbium. In the present state of our 
knowledge this can only be looked upon in the light of a 
conjecture. The hydrofluocolumbic acid unites with bases and 
forms a class of salts, a few of which have been examined. 

VI. W^e are unacquainted with the compounds which colum- 
bium may be capable of forming with hydrogen, azote, carbon, 
boron, silicon, and phosphorus. 

,VII. ^ulphuret of columbiunV' was first obtained by M. H. 
Rose. He procured it by heating columbic acid to whiteness 
and passing over it a current of the vapour of bisulphuret of 
carbon. The carbon is converted into carbonic oxide by uniting 
with the oxygen of the columbic acid : a portion of the sulphur 
is separated, and the rest unites with the columbium. When 
the bisulphuret of carbon issues undecomposed from the other 
extremity of the tube, it is a pr&of that all the columbic acid is 
converted into sulphuret.* The qppafatus is then allowed to 
cool without admitting air to the sulphuret. 

This sulphuret has a gray colour and a pulverulent form. 
It has the metallic lustre and a crystalline appearance, having 
a very .considerable resemblance to plumbago. It feels soft, 
and is a conductor of electricity. When heated to incipient 
redness it takes fire, the sulphur burns with a blue flame and 
columbic acid remains behind united to a small quantity of 
sulphuric acid. Whert exposed for a long time to the action 
of chlorine gas it becomes hot, and unites with the chlorine. 
This combination is hastened by the application of heat. 
Chlorides of sulphur and columbium are formed. This sulphu- 
ret is not acted on by nitric, sulphuric, muriatic, nor fluoric 
, acids. Aqua regia decomposes it at a boiling heat, dissolving 
sulphuric sM^iaiid a sinall quantity of columbic. It is dissolved 
also by a mixture of nitric and fluoric acids. It is not acted on 
by an aqueous solution of caustic potash. But when fused 
* Gilbert’s Annalen der Physik. Ixxiii. 139. 
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with that alkali, an orange coloured mass is obtsdned. In water s*®*- xvii, 
this matter dissolves, leaving sulphuret of columbium in the 
state of a black powder.* This sulphuret has not been analyzed, 
but from the phenomena attending its ^composition there can 
be little doubt that it is a tersiflphuret corresponding to colum- 
bic acid ; or a compound of 

3 atoms sulphur . . 6 

1 atom columbium . . 22*75 


28*75 

VIII. We are still ignorantbf the compounds which colum- 
bium may be capable of forming'with selenium, tellurium, 
arsenic, antimony, chromium, molybdenum, and tungsten. 

As it always occurs native united to iron and manganese, it 
is obvious that it must have a strong affinity for these metals. 
Accordingly, when these compounds are heated with charcoal 
the metals are reduced, and a triple alloy of columbium, iron, 
and manganese, obtained. When this alloy is digested in 
muriatic acid, the iron and manganese are dissolved^ and ^he 
columbium remains. This method might be employed for 
obtained metallic columbium. 

SECTION XVII. OF TITANIUM. 

In the valley of Menachan, in Cornwall, there is found a History, 
black sand, bearing a strong •resemblance to gunpowder. It 
was examined in 179lJby Mr. Gregor, who found it composed 
almost entirely of iron and* the oxide of a new metal, to which 
he gave the name of menachine.^ He attempted in vain to 
reduce this oxide to the metallic state ; but his experiments were 
sufficient to demonstrate the metallic nature of the substance, 
and to show that it contained a metal till then absolutely 
unknown. This curious and ingenious analysis seems to have 
excited but little attention, since nobody thought of repeating 
it, or of verifying the conclusions of Mr- Gregor. 

But in 1795 Klaproth published the analysis of a brownisli- 
red mineral, known to mineralogists by the name of red shorl. 

He found it entirely composed tf the oxide of a peculiar metal, 
to which he gave the name of titanium.X He failed indeed in 
his attempts to reduefi this oxide ; but his^ experiments left no 
doubt of its metallic nature. On examining in 1797 the black 
mineral analyzed by Mr. Gregor, he found it a compound of 

* Kongl. Vet. Acad. Handl. 1824, p. 287. 
f Jour, de Phys. xxxix. 72, and 152. 


1 Beitrage, i. 233. 
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Chap. 11 . the oxides of iron and titanium.* Consequently the analysis 
of Mr. Gregor was accurate, and his menachine is the same 
with titanium^ of which he was undoubtedly the original dis- 
coverer. The term titpmum has been preferred by chemists, 
on account of the great celebrity* and authority of the illustrious 
philosophgr who imposed it. Klaproth^s experiments were 
repeated, confirmed, and extended by Vauquelin and Hecht in 
1796, who succeeded in reducing a very minute portion of the 
oxide of titanium to the metallic state.! They were repeated 
also and confirmed by Lowitz of Petersburgli in U98.! Lam- 
padius made a set of experiments on it in 1803,^ and a new 
set of experiments on it, by Laugier, was published in 1814. || 
More lately numerous important experiments upon its combi- 
nations have been made by M. H. ^lose ;1f its chlorides have 
been examined by Mr. George** and M. Dumas :ff and Dr. 
Wollaston has described the properties of titanium in the 
metallic state.!! 

Metallic titanium crystallized in small cubes is observed occa- 
sionally Jii the slag of the hearth, in the great iron smelting 
furnaces. Specimens of these crystals were examined by Dr. 
Wollaston from Marthyr Tydvil in 1822, and found by him to 
be titanium. They have been observed in various other fur- 
naces of this country. I have seen specimens of them from 
Miiirkirk. Mr. George obtained them from Low Moor Iron- 
works, near liradford-in Yorkshire. Dr. Wollaston mentions 
also the l^idding Iron-works near Alfroton in Derbyshire, and 
Pontypool in Monmouth.* Tliey have been seen also in the 
Clyde Iron-works, but not for many years. Walchner observed 
them in the Iron-works in Baden, §§ and doubtless they have been 
found in other places. The metal may be obtained also by 
mixing titanic acid with charcoal powder, putting the mixture 
into a Hessian crucible, covering it with pounded glass, and then 
exposing the crucible, well covered, to the most violent heat 
that can be raised. But this process is difficult, and succeeded 
only imperfectly with Laugier, while it has failed in the hands 
of every other person. 

* Bfeitrage, ii. 226. ! Jour, de Min. No. xv. 10. 

J Crell’s Annals, 1799, i. 163. § Nicholson’s Journal, vi. 62. 

II Ann. de Chiin. Ixxyix. 306. 

^'Kongl. Vet. Acad. Handl. 1821, p. 231* Poggendorf’s Annalen der 
Physik, iii. 163, xh. 479, ami xv. 145. 

** Annals of Philosophy (2d series), ix. 18. 
ff Ann. de Chirn. et de Phys. xxxiii. 386, 

Phil. Trans. 1823, pp- 17, 400. §§ Schweigger’s Jahrbuch, xi, 80. 
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I. Native metallic titanium has a copper-red colour, and a sect xvi^. 
great deal of brilliancy. It is crystallized in cubes, in which properties. 
Mr. W. Philips detected a cleavage parallel to the faces of the 

cube. It is hard enough to scratch rocjc crystal, and has a spe- 
cific gravity of 5-3. These cuBes affect a magnet very slightly, 
in consequence of a very small quantity of iron with v^liich they 
are contaminated. They conduct electricity perfectly well. 

. These cubes are not acted on by nitric, muriatic, or sulphu- 
ric acid ; nor is aqua regia capable of dissolving them. They 
are infusible <beforc the blowpipe. When heated they are 
oxidized on the surface, Wlien heated with nitre they are 
rapidly oxidized ,* but to oxidize them completely we must 
heat them with a mixture of borax and nitre. I find also that 
they are rapidly oxidized ;vhen heated with caustic potash. 

H. Rose has discovered an unexpected process by which 
metallic titanium may be obtained. Anhydrous chloride of 
titanium is ])ut into a projier apparatus, and a current of ammo- 
niacal gas is made to pass into st till it is saturated. The matter 
is now heated till it sublimes. One part of the salt sublimes, 
while another part is decomposed. Muriatic acid and azote 
are discnigaged, and metallic titanium remains. In this state of 
fine powder, if titanium be heated in air, it takes fire. It dis- 
solves also in aqua regia. It has in these rejpeets a close 
resemblance to silicon, which, when strongly heated, loses its 
combustibility in air, and its s*blubility ill fluoric acid. 

II. We are acqiiaintl^d \vdtli two^ diftereiit combinations of Oxides, 
titanium and oxyjy’cn ; the one is black, or bluish, or purplish 

and is incapable of coinbininj^ eitlier with acids or bases ; the 
otlier possesses acid characters, and lui» received the name of 
titanic acid. 

I. Oxide of titanium may be obtained by enclosing’ titanic Protoxide, 
acid in a charcoal crucible, and exposing it to a very violent 

heat in a covered crucible. AVe obtain a mass coated exter- 
nally by a thin red crust of metallicf •titanium. AVithin is 
oxide of titanium in the state of a black powder. 1 find also 
that it may be formed by heating metallic titanium in Jine 
powder in a j)latinum crucible along with caustic potash. In 
that case it lias a bluish green colour, probably because the 
titanium which I ernjiloyed was not free fipom iron. 

Oxide of titanium, when prepared^ from titanic acid, is 
insoluble in all the acids. When heated it absorbs oxygen 
very slowly. Indeed it is with great difficulty converted into 
titanic acid by heating it along with nitre. Before the blow- 
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pipe it dissolves in biphosphate of soda, and forms a very dark 
red glass. Oxide of titanium is formed when a plate of zinc 
or iron is put into a solution of titanic acid in miudatic acid. 
The liquid gradually ^sumes a purple colour, and the oxide 
of titanium at last falls down, hdving the same shade of colour. 
But wheq thus obtained its tendency to absorb oxygen is so 
great that it cannot be filtered or dried without being con- 
verted into titanic acid. ^ 

I think it probable that the anatase of mineralogists, a beau- 
tiful hive or brown mineral, crystallized in elongated octahe- 
drons, and liaving a specific gravity of 3'826, is composed of 
oxide of titanium. But tllis mineral is so scarce that chemists 
have not been able to procure enough of it for a chemical 
analysis. 

Titanic acii 2. Titanic acid occurs native crystallized in right four-sided 
prisms, and is known by the names of titanite or rutih. Its 
colour is usually reddish-brown, and it has a specific gravity of 
4*249. It probably owes its colour to the presence of a little 
oxides of iron and manganese, from which it has never been 
met with quite free. Nor was it known in a state of purity 
till M. H. Rose contrived the following process for purifying it. 

Preparation. The cheapest substance to emj)loy is titaniate of iron or 
titanious iron-ore. Reduce this ore to powder, and expose it 
to a white heat in a porcelain tube, while a current of dry sulphu- 
retted hydrogen gas -passes thrimgh it. By this process the 
oxide of iron is converted into sulj|>hui»et, while the titanic acid 
undergoes no change. Allow the tube to cool, and digest the 
ore thus altered in concentrated muriatic acid. Much sulphu- 
retted hydrogen is given oflF, and sulphur is dej)osited, which 
being mixed with the titanic acid gives it a gray colour. Wash 
the acid, dry it, and expose it to a red heat to drive off the 
sulphur. Titanic acid obtained in this way still retains oxide 
of iron, and becomes red when calcined. The best way of 
proceeding therefore is <Mot to continue the current of sulj)hur- 
etted hydrogen gas as long as water continues to be evolved, 
but to stop when the quantity of water disengaged begins to 
diminish. The titanic acid obtained by digesting the residue 
in muriatic acid, is to be put again into the porcelain tube, 
heated to whiteness, and a current of sulphuretted hydrogen 
passed over it. After this if it be digested in concentrated 
muriatic acid, washed, dried, and heated, it will be quite white 
and pure.* 

* PoggendorTs Annalen der Physik. xii. 479. 
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We may obtain titanic acid from rutih (which is an im- ®ect.xvii. 
pure titanic acid, or rather titaniate of iron),^by reducing the 
mineral to an impalpable powder, and fusing it with thrice its 
weight of carbonate of soda. The fused mass is washed with 
water, which carries off the excess o/ alkali, and leaves the 
supertitaniate of soda. Let this supertitaniate be washed on 
a filter as long as the water passes through clear. Then dis- 
solve it in concentrated muriatic acid. Dilute the solution 
with water and boil it. The greatest part of the titanic acid 
falls down, wj^ile the oxides of iron and manganese remain in 
solution. And the remainder of the titanic acid may be obtained 
by driving off the excess of muriatic Ucid from the liquid. The 
titanic acid thus obtained must be washed with water acidulated 
with muriatic acid. It still retains oxides of iron and manga- 
nese, which may be partly removed by reiterated boiling in 
muriatic acid, and completely by digesting it in hydrosulphu- 
ret of ammonia, as was first suggested by Rose. Thishydro- 
sulphuret dissolves the oxide pf tin which is sometimes present, 
and it converts the oxides of iron and manganese inim sulpftu- 
rets, which are easily removed by muriatic acid in the way 
above described. 

Titanic acid thus obtained is a white tasteless powder. Propertie», 
When heated it becomes yellowish, but resumes its white 
colour when again cold. It does not melt at a*high tempera- 
ture. It reddens litmus papeseven aftei; having been exposed 
to a red heat. But aftpr that process it becomes quite insolu- 
ble in acids, as was first observed by Klaproth. It may have 
its solubility restored by fusing dt with carbonate of soda, or 
by digesting it in concentrated sulphuric acid in a temperature 
sufficiently high to drive off by degrees the excess of sul- 
phuric acid, or we may mix it with charcoal powder, and pass 
a current of dry chlorine gas through it while heated to red- 
ness. Chloride of titanium is formed, which may be dissolved 
in water. The titanic acid may be precipitated by ammonia 
from these solutions. In this state it is white, gelatinous, very 
soluble in acids, and soluble also partially in the alkaline car- 
bonates, without disengaging the carbonic acid. To obtain a 
complete solution of this acid in the alkaline carbonates, we 
must let fall a solutibn of a titaniate, drop by drop, into the 
alkaline solution; agitating after every addition, and taking 
care to add no more till the preceding portion be dissolved. 

Titanic acid is precipitated from its solution in carbonate 
of ammonia by long boiling. To throw it down from car- 
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boBates 6f potash or soda, we must add sal ammoniac and 
' then boil. 

Rose has shown that titanic acid is isamorphons with per- 
oxide of tin. It is capable of existing in two distinct states. 
It is in one of these states wheu- it is precipitated from an acid 
solution by potash. In that state it contains water, and dis- 
solves readily in aeids. When heated it loses its water, glows, 
and is converted into the other state in ndiich it is perfectly 
insoluble in all acids. 'When dilute solutions of muriate or 
sulphate of titanium are long boiled, the titanie acid is thrown 
down in the second sfaite, and is completely insoluble in water. 
In this second state it has a curious property, first noticed by 
Klaproth. If we throw it on a filter and wash it, the water 
passes off clear as long as it holds any salt in solution. But as 
soon as the titiinic acid is pure, or nearly so, it mixes with the 
water, and forms a kind of milk, which passes through the 
filter. W^e cannot therefore wash titanic acid with pure water; 
we must employ water holding some sal ammoniac iji solution. 

'The oliaracters of titanic acid and zirconisi resemble each 
other so closely that the one is ’often mistaken for the other. 
They may, however, be easily distinguished by the blowpij)e. 
Titanic acid, when fused with borax or bi])hos])hate of soda, in 
the exterior flame gives a yellow or colourless glass, which in 
the interior flame becomes deep purple, or oven brown or black, 
if the quantity of titanic acid bq considerable. When titanic 
acid and zirconia occur together in the same mineral, we do 
not possess the means of separating them from each other. 
Such minerals in the present state of chemical knowledge 
cannot be analyzed. 

To determine the quantity of oxygen in tifeinic acid I con- 
verted 1'37 grain of metsillic titjuiium into titiinic acid, by 
heating it with a mixture of nitre and caustic j)ot{ish in a green 
glass retort. The weight of the titanic acid formed was 2'085 
grains. Hence titanic ^cid is a compound of 

Titanium . . 1-37 or 3‘83 

Oxygen . . 0-71.5 or 2 

This experiment (supposing titanie aeid to contain 2 atoms 
Biakes the weight of the atom of tikmium 3-83.*' 
There are two circumstances which render the result thus 
obtained not perfectly satisfactory. The first is, that the 
titanium employed was not quite free from every trace of iron, 
and the Second was the smallness of the scale on which the 
* First Principles, ii. 88. 
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experiment was made. A very trifling error in weighing 
would occasion a material one in the result. 

M. Rose has lately made a new set of experiments to deter- 
mine this point. He decomposed chloride of titanium by mix- 
ing it with water. He then pr<iicipitatedt the titanic acid formed 
by ammonia, and the chlorine was afterwards thrown down by 
nitrate of silver. Four different experiments were hiade, the 
mean of which gives'from 9'838 parts of chloride, 4*23 parts 
o*f titanic acid, and 29"696 parts of chloride of silver =z 7*322 
parts of chlorine. It is obvious that 100 parts of chloride of 
titanium by tliis treatment would have yielded 
Titanic acid . •. 42*996 

Chlorine . . 74*42 , 


117*416 

There is an excess of 17*416 parts. The reason of this excess 
is, that the titanium in the chloride was in the metallic state, 
while in the analysis it was in the stiite of titanic acid. Hence 
this excess must represent the oxygen contained in 42*i)06 
parts of titanic acid. Therefore if we can confide in these 
experiments of Rose, titanic acid is a compound of 
Titanium . . 25*58 or 100 

Oxygen . . 17*416 68 


42*996 

But 68 represents two^ atoms of oxygen. Hence the atom of 
oxygen is to that of titanifim as 34 to 100, or as 1 to 2*94. 
"I'liis coiisideral)ly exceeds tlie quantity of oxygen which com- 
bined with titanium in my experiment, when I converted it 
into titanic acid.* 

A set of experiments was also made by Dumas to determine 
the same j)oint. His method was to determine tlie specific 
gravity of cldoride of titiiniiim vapour. He found it 6*836. 
He then considered this vapour as a ccunpound of two volumes 
chlorine gas and 1 volume of titanium vapour condensed into 
1 volume. Now the weight of two volumes of chlorine gas is 
5. If we subtract this from 6*836, we have 1*836 for the 
weight of a volume of titanium vapour. If we divide the 
specific gravity of titanium vapour by 5*5555, the quotient will 

1*836 

be the atomic weiarht of titanium. But = 3*3.t 

^ -5355 

There is still another analysis of chloride of titanium by 

* Poggendorf’s Annalen, xv. 145. 

•)■ Ann. de Chim. et de Phys. xxxiii. 388. 
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Mr. Oeorg^. He dissolved a quantity of bichloride of titanium 
in water ; and after one half of the chlorine was driven off, he 
divided the solution into two equal portions. From the one 
he threw down the titanic acid by potash, which weighed 7 
grains, and from the other the dilorine, by means of nitrate of 
silver. The chloride of silver weighed 15 grains = 3*69 grains 
of Vjhloririe. Hence the bichloride of titanium (analogous to 
titanic acid) must, by this analysis, have been a compound'of 
7 titanium — x oxyeen, 

7*38 chlorinel^ 

But 7*38 represents 2 atoms of chlorine ; and if we divide it 
by 4*5, it will give us the* quantity of oxygen contained in 7 


7*38 

grains of titanic acid. — =: 1*64. 


Hence titanic acid is a 


compound of 

Titanium . . .5*36 or 100 

Oxygen . . 1*64 or 30*6.* 

This would make the atom of oxygen to that of titanium at 
15 8 to 100, as 1 to 6*52.f 

Thus we have four determinations of the atomic weight of 
titanium founded upon four different sets of experiments ; tliese 
are as follows : 


Thomson 
Rose 
Dumas 
George 


3*83 

2*94 

3-3 

6-52 


I do not think that we can put full confidence in the deter- 
mination of Mr. George, because we have no evidence that 
one half of the chlorine was dissipated when the chloride was 
dissolved in water. It may have been so ; but we have not 
sufficient evidence of the fact. I consider my own experiment 
as the simplest and easiest of all, and would confide in it in 
preference to the rest, had it been made upon a larger scale. 
I think Rose’s mode o^.experimenting susceptible of accuracy. 
But the want of coincidence between his results and those of 
Dumas, whose mode of experimenting was also very simple, 
prevents us from putting complete confidence in either. Were 
we to take a mean of the results of Rose, Dumas, and my own. 


* Annals of Philosophy (2d series), ix. 20. 

't' I think it probable thst the chlorine driven off when the chloride was 
dissolved in water, was merely the excess which the chloride usually' con- 
tains at first. If so, the chlorine obtained by Mr. Geoi^e represents two 
atoms, and the atom of titanium comes out by his experiments, 3*26, which 
I believe to be veiy near the truth. 



TITANIUM. 

we would get 3*356 as the atomic weight. It is evident that ^ 
farther researches are still necessary. Meanwhile 3*25, which 
lies between the numbers of Rose and Dumas, has a consider- 
able chance of being near the truth. I am therefore disposed 
to adopt it. My old number 4»was founded on the analysis of 
menachanite in my laboratory; and if we could confide in th4 
anal^is of the different ores of titanium hitherto made, thdVe 
wouW be a strong probability that the atomic weight of titanic 
adid is 6. But as titanic acid, like other weak acids, unites 
witli bases in a great variety of^proportions, less confidence can 
be put in the results of such analyses than when an acid unites 
only in one or two proportions. * 

III. Chloride of titanium appears to have been discovered chloride, 
by Mr. George in 1824, Dumas formed it in 1826, and Rose 
in 1828. Nearly the samS method was employed by all the 
experimenters. George employed metallic titanium ; but 
Dumas and Rose used a mixture of titanic acid and charcoal. 

The titanium or mixture of titanic acid and charcoal was put 
into a glass or porcelain tube, heated to redness, and a*currefit 
of dry chlorine gas passed over it. In the receiver attached to 
the tube, a liquid gradually condensed, which is the chloride 
in question. When first' obtained it contains an excess of 
chlorine, which gives it a strong odour of that and a yellow 
colour. But it is easily? purified by shaking it with small 
quantities of mercury, and distilling it twaor three times from 
a small retort in which q little mercury has been put. It is 
then perfectly transparent afid coloirtrless, does not act upon 
mercury, and when dissolved in water is converted into mu- 
riatic acid and titanic acid, without the evolution of any chlorine 
gas.* It is heavier than water, and it boils, according to 
Dumas, when heated to the temperature of 275°. The specific 
gravity of the vapour of this liquid was determined by Dumas 
to be 6*836. If we suppose it a compound of two volumes of 
chlorine and 1 volume of titanium vapf^ur condensed into 1 
volume, and if the atomic weight of titanium be 3*25, then the 
specific gravity of its vapour will be 6*8055. For 
2 volumes chlorine = 5 
3*25 X 0*5555 = 1*8055 


6*8055 = specific gravity of the 

• We see from this that the chlorine evolved in Mr. George’s experiment 
was foreign, and that two atoms of chlorine actuallj^ remained in solution 
in the state of muriatic acid. 

I. 2 c 
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vapour. Now this comes suflRciently near the specific gravity, 
as determined by Dumas, to make it not unlikely to be the 
true gravity ; but new experiments are still requisite to decide 
this difficult point. 

As chloride of titanium, when dissolved in water, is resolved 
into muriatic acid and titanic acid, there can be no doubt that 
it is a bichloride, and its constituents must be 
2 atoms chlorine . . 9 

1 atom titanium , . 3*25 

12-25 

IV. No attempts have hitherto been made to combine 
titanium with bromine or iodine. 

V. When titanic acid, fluor spar, and sulphuric acid, are 
mixed together in a leaden retort, a yellow coloured liquid is 
gradually obtained, which water immediately converts into 
fluoric acid and titanic acid.* This is probably a fluoride of 
titanium. 

^*VI. Nothing is known about the combinations which titanium 
may be capable of forming with hydrogen, azote, carbon, boron, 
and silicon. 

VII, Chenevix formed the phosphuret of titanium by the 
following process : He put a mixture of charcoal, phosphate of 
titanium (phosphoric acid combined with titanic acid), and a 
little borax, into a double crucible, well luted, and exposed it 
to the heat of a forge. A gentle heat was first applied, which 
was gradually raised fof three qftarters of an hour, and main- 
tained for half an hour as high as possible. The phosphuret of 
titanium was found in the crucible in the form of a metallic 
button. It is of a pale-white colour, brittle, and granular; 
and does not melt before the blow-pipe.-(- 

VIII. Sulphuret of titanium was first formed by Hose. His 
method was to heat titanic acid to whiteness in a porcelain 
tube, and then to can've the vapours of bisulphurct of carbon to 
pass slowly over it. Carbonic oxide is formed, and the sul- 
phuret of titanium remains in the state of green grains, which, 
when rubbed, acquire the metallic lustre and a deep yellow 
colour. These grains are soft and easily spread upon the skin 
like talc, communicating a metallic lustre. V/hen heated in 
the open air they are easily converted into titanic acid. 

t 

* Unverdorben as quoted by L. Gmelinj Handbuch der theor. chemiej. 
772. 

^Nicholson’s Jour. v. 134. 
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It dissolves with difficulty in the acids. When digested in 
muriatic acid, sulphuretted hydrogen is evolved. When boiled 
in aqua regia, the sulphur is acidified, and most of the titanic 
acid formed remains undissolved. But if we make aqua regia 
act on it cold, the greatest past of the fitanic acid is dissolved. 
Caustic potash decomposes it, supertitaniate of potash remains, 
and sulphuret of potassium is dissolved. It is not kolubl^ in 
the alkaline hydrosulphurets. 

• This sulphuret contains, acfgording to Rose, two atoms sul- 
phur, and is composed of 

Titanium « . 4.3 

Sulphur . . 57 


100 

Those numbers (obviousljf hypothetic) would make the atomic 
weight of titanium 3'017.* 

IX. Nothing is known respecting the combinations which 
titanium may be able to form with selenium, tellurium, arsenic, 
antimony, cliromium, molybdenum, tungsten, and cokimbwan. 
Vauqueliii and Hecht attempted to combine it with silver, 
copper, lead, and arsenic, but without success. But they 
combined it with iron, and formed an alloy of a gray colour, 
interspersed with yellow-coloured brilliant particles. Dr. Wol- 
laston tried in vain to combine it with tin, ledd, silver, and 
copper. It would aj>pear froqj these trigjs that the affinity of 
this metal, for other metals is in general weak. 

Such are the properties of the acidifiable bases, so far as we 
are acquainted with them. The attentive reader will perceive 
that several of them are distinguished by their peculiar proper- 
ties from all the rest, and stand as it were insulated ; while 
others possess similar properties, and therefore constitute so 
many particular groups. Hydrogen and azote differ essentially 
from all the rest. They agree in being gaseous; but they 
differ so much in almost every other property that they cannot 
be grouped together. 

Carbon^ Inyron, and silicon^ possess analogous properties. 
They are black, or very dark coloured powders, quite fixed, 
and incapable of fusion. The acids which they form with 
oxygen are not powerful, and are capable* in consequence of 
uniting with bases in various proportions. 

Stdphur, selenium, and tellurium, are also analogous bodies. 

* Kongl. Vet. Acad. Handl. 1821, p. 253. 
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chaii. lit They combine Bdth hydrogen, and form with it a gas capable 
of being absorbed by water, possessed of acid properties, and 
composed of a volume of hydrogen united to a volume of the 
vapours of the respective substances condensed into one volume. 
The acids of sulphur aAd selenivm resemble each other in their 
composition; sulphurous and selenious acids containing two 
atdtns of 6xygen, while sulphuric and selenic acids contain each 
three atoms of oxygen. Similar acids of tellurium have not 
yet been discovered. , ^ 

Phosphorus^ arsenic^ and antimony^ bear a close resemblance 
to each other. They are isomorphous substances ; the propor- 
tions of oxygen with which they combine are respectively 
similar, 1^, 2, 2^. They unite to hydrogen, but the gases 
which they form with it do not possess the properties of acids, 
nor are they absorbed in a notable proportion by water. They 
consist of a volume and a half of hydrogen gas united to a 
volume of the Vapour of phosphorus or arsenic, and condensed 
into one volume. Antimonietted hydrogen gas has not yet 
been discovered. 

Chromium and uranium approach each other in their 
colouring properties ; but they deviate in other respects from 
each other. Chromic acid contains 2^ atoms oxygen, while 
uranic acid contains 1^ or 2 atoms; most probably the latter. 

Molybdenuin and tungsten, columbium and titanium, form two 
other groups not so qlosely connected. But the investig^ation 
of these four bodies is still too incomplete to enable us to draw 
analogies. 


CHAP. III. 

OF SIMPLE ALKALIFIABLE BASES. 


The simple alkalifiab|c bases at present known are the fol- 
lowing ; 


Lift oflMMef. 


1. Potassium, 

2. Sodium, 

3. Lithium, 

4. Barium, 

5. Strontium, 

6. Ca^ium, 

7. Magnesium, 


8. Aluminum, 

9. Glucinum, 

10. Yttrium, 

11. Cerium, 

12. Zirconium, 

13. Thorium, 

14. Iron, 


15. Manganese, 

16. Nickel, 

17. Cobalt, 

18. Zinc, 

19. Cadmium, 

20. Lead, 

21. Tin, 
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22. Bismuth, 26. Gold, 29. RhodiuB^ 

23. Copper, 27. Platinum, 80. Iridium, 4 

24. Mercury, 28. Palladium, 31. Osmium. 

25. Silver, 

These bodies for the convenience of the learner may be sub- 
divided into five families, the individuals belonging to each* of 
which possess a g^eat many characters in common. These are 
as follows : 

First family. Jlkaline bases. 

This family comprehends the* 7 following bodies. 

1. Potassium, 4. Barium, * 6. Calcium, 

2. Sodium, 5. Strontium, 7. Magnesium. 

3. Lithium, 

The combinations of these bodies with oxygen are soluble in 
water, change vegetable blue colours into g^een, and neutralize 
acids with g^eat energy. These are the characters which dis- 
tinguished the alkalies, as they were understood by l^e oj^r 
chemists. 


Second family. Earthy bases. 

This family comprehends the 6 following bodies. 

1. Aluminum, 3. Yttrium, 5. Zirconium, 

2. Glucinum, 4. Cerium, 6. Thorium. 

The combinations of these bodies with oxygen constitute white 
tasteless powders, insolifble.in watei^ incapable of producing 
any alteration on vegetable blues, and of completely depriving 
acids of the power to redden litmus paper; and capable of 
enduring a high temperature without undergoing any change. 
These are the characters by which the earths of the older che- 
mists were recognised. 

Third family. DifficidtX§' fusible bases. 

The third family comprehends the 4 fbllowing bodies. 

1. Iron, 3. .Nickel, 

,^2. Manganese, 4. Cobalt. 

The combinations of these bodies with oxygen cannot be 
reduced to the metallic state by heat alone ; but they readily 
dissolve in acids, and from this solution they cannot be pre- 
cipitated by introducing into it a rod of^ zinc, as is the case 
with the bases belonging to the fourth femily. Each of them 
unites to oxygen in two proportions. The first is a compound 


CbaikllL 
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Chap. III. of 1 atom of base with 1 atom of oxygen ; and the second of 1 
atom of base with atom of oxygen.* All the bases belong- 
ing to this family require a violent heat to melt them. They 
are all magnetic except manganese. 

Fourth family. Easily fusible bases. 

This fdmily comprehends the eight following bodies. 

1. Zinc, 4. Tin, 7. Mercury, 

2. Cadmium, 5. Bismuth, 8. Silver. 

3. Lead, 6. Copper, 

ff 

These bodies are all malleable metals except bismuth, which is 
not very brittle. They aft melt at a comparatively low heat. 
Indeed if we except zinc and silver, which require a red heat, and 
copper which requires a white heat^^ they all melt at a tempe- 
rature below redness. When a rod of zinc or iron is put into 
the solution of any of these bodies in an acid, except zinc, it 
is precipitated in the metallic state, while the zinc or the iron 
is^issolved in its place. They combine either with one pro- 
portion or with two proportions only of oxygen. Their oxides 
(those of tin excepted), have the property of neutralizing 
acids, and ot forming salts capable of crystallizing. 

Ffth family. Noble metals. 

Tliis family comprehends the si.x folloMung bodies. 

1. Gold, , 3. Palladium, 5. Iridium, 

2. Platinum, 4. Rhodium, 6. Osmium. 

^ t 

These bodies require, all of thpm, a strong heat to fuse them. 
They are all insoluble in nitfic acid, and their oxides are 
reducible to the metallic state by the application of heat alone. 
These oxides, in general, exhibit but little tendency to combine 
either with acids or bases, or to form salts. The consequence 
is, that but few saline combinations into which they enter are 
known. * 

All the bodies beltft'iging to these five families are metals ; 
and with the exception of nine, they comprehend all the metallic 
bodies at present known. None of the supporters are metals. 
The first eight of the acidifiable bases are not metallic, but the 
last nine are. 

The name metal was formerly applied to certain substances 
distinguished by a peculiar lustre, called the metallic lustre, 
capable of being extended under the hammer, and of being 

* Manganese forms at least four different oxides, if not five. 
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drawn out into wire, or malleable and ductile^ opaque, and pos- family i. 

sessed of a much higher specific gravity than any otlier sub- L 

stances; capable of being melted by heat, and conductors of 
electricity. At first only 7 metals were known, namely gold, 
silver, mercury, copper, iron, Ipad, and* tin ; which possessed 
all these characters. By degrees other substances were dis- 
covered, possessed of the metallic lustre ^ but neither UialleaWe 
nor ductile; as for example antimony, arsenic, bismuth, tellu- 
rium. These were sometimes distinguished by the epithet 
semimetal or imperfect metal. By degrees the number of these 
new bodies far Exceeded the old opes. Some of them cannot be 
fused by the most violent heat that we can apply ; many are 
neither ductile nor malleable, some are lighter than water, and 
gold can be hammered out so thin that it allows the light to 
pass through it. Thus all •the characters by which the metals 
were distinguished, have failed in the universality of their appli- 
cation except two ; namely the metallic lustre and the property 
of conducting electricity. But this last property is not peculiar 
to the metals. Water possesseS it, as does charcoal, anik various 
bodies into which metallic particles enter as constituents. 

Nothing, therefore, remains to characterize the metals but the 
metallic lustre ; much too vague a character to be the founda- 
tion of a class. 

Under these circumstances I have thought it better to aban- 
don the class of metals altogether, and to arrange the simple 
bodies into classes founded ujion properties much more charac- 
teristic and imjiortant tliAn metallic lustre. 


FIRST FAMILY. ALKALINE BASES. 

The bodies belonging to tliis family, which are 7 in nmnber> 
will be treated of in the seven following sections. 

S15CTION I. OF POTASSIUM. 

If a sufficient quantity of wood be burnt to ashes, and these 
ashes be afterwards washed repeatedly with water till it comes 
off free from any taste, and if this liquid be filtrated and eva- 
porated to dryness, the substance which remains behind is pot- 
ash ; not, however, in p state of purity, for it is contaminated 
with several other substances, but sufficiendy pure to exhibit 
many of its properties. In this state it occurs in commerce 
under the name of potash. When heated to redness, many of 
its impurities are burnt off: it becomes much whiter than 
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casp. III. before, and is then known in commerce by tke name of pearl- 
ash. Still, iiQweyer, it is contaminated witb many foreign 
bodies, and is itself combined with carbonic acid gas, which 
blunts all its properties. It may be obtained perfectly pure by 
the following process i , 

1. Mix it with twice its weight of quicklime, and ten times 
itS' weight of pure water : boil the mixture for some hours in a 
clean iron vessel, or allow it to remain for 48 hours in a close 
glass vessel, shaking it occasionally. Then pass it through* a 
filter. Boil the liquid obtained in a silver vessel very rapidly, 
till it is so much concentrated, as to assume wheVi cold the con- 
sistence of honey. Then pour upon it a quantity of alcohol 
equal in weight to one-third of the pearl-ash employed. Shake 
the mixture, put it on the fire, let it boil for a minute or two, 
then pour it into a glass vessel, and cork it up. The solution 
gradually separates itself into two strata : the lowest consists 
of the impurities, partly dissolved in water and partly in a solid 
state ; the uppermost consists of the pure potash dissolved in 
al«ohol,^and is of a reddish-brovni colour. Decant this alcohol 
solution into a silver basin, and evaporate it rapidly till a crust 
forms on the surface, and the liquid below acquires such con- 
sistence to become solid on cooling. Then pour the solu- 
tion into a porcelain vessel. When cold, it concretes into a 
white substaiice, which is pure potash. It must be broken to 
pieces, and put into an air-tight phial. 

For this process we are indebted to Berthollet.* The fol- 
lowing, which was first proposed by iLowitz of Petersburgh, is 
less expensive. The potash of commerce and quicklime are 
to be boiled together, as above described. Tlie filtered liquor 
is then to be evaporated till a thick pellicle ajipears on its sur- 
face, and afterwards allowed to cool : and all the crystals which 
have formed are to be separated, for they consist of foreign 
salts. The evaporation is^then to be continued in an iron pot ; 
and, during the process, the pellicle which forms on the sur- 
face is to be carefully taken off with an iron skimmer. W^hen 
no more pellicle appears, and when the matter ceases to boil, 
it is to be taken off the fire, and must be constantly agitated 
with an iron spatula while cooling. It is then to be dissolved 
in double its own weight of water. This solution is to be fil- 
tered and evaporated in a glass retort^ till it begins to deposite 

• * Jour, de I^hys. xxviii. 401. 

f Dr. Kennedy observes, vciy justly, that a glass retort ought not to be 
employed, because potash in this state dissolves glass. Edin. Trans, v. 97. 
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regular crystals. K the mass consolidates ever so little by 
cooling, a small quantity of water is to be added, and it must 
be heated again. When a sufficient number of crystals have 
been formed, the liquor which swims ov^ them, and which has 
assumed a very brown colour, ^ust be decanted off, and kept in 
a well-closed bottle till the brown matter has subsided, and then 
it may be evaporated as before, and more crystals c4)tained.* 
A still simpler method was employed by Klaproth. He 
boiled equal parts of salts of tartar (carbonate of potash prepared 
from tartar), and Carrara marble or oyster shells, burnt to 
lime, with tF sufficient quantify of water, in a polished iron 
kettle. The ley was then strained through clean linen, and 
though still turbid, was reduced by boiling, till it contained 
about one half its weight of potash. It uras then passed a 
second time through a linen cloth, and set by in a glass bottle. 
After some days, when the ley had become clear of itself, it 
was decanted off from the sediment into another bottle.f 

When the processes above described are employed, it is quite 
possible for the potash obtaiited to be mixed with sqda.^^The 
following process of Mr. Donovan of Dublin will put it in our 
p6wer to obtain potash in a state of purity. Dissolve the bicarbo- 
nate of potash of commerce to saturation in water, of the tem- 
perature of 100°. Filter the solution and place it in a flat 
dish before the fire. In a few hours a crop of crystals of pure 
bicarbonate is obtained. Wash them with a little water, and 
dry them on blotting paper. Dissolve tliese crystals in water, 
and mix them with th^ir own weight of slacked liine. Boil 
the mixture for 15 minutes, and then filter. J 

If we wish to render the potash caustic we must boil the 
solution of it with at least its own weight of quicklime. The 
best method is to slack the lime, and then to add as much water 
as will bring it to a half liquid state. The solution of carbo- 
nate of potash should be made to boil in a clean iron or silver 
vessel ; then a spoonful of the half liquid lime should be added, 
and the liquid boiled for a few minutes. After tliis an addi- 
tional spoonful is to be added, and the boiling continued. By 
this gradual addition of the lime it is converted into carbonate, 
and falls to the bottom in a gpritty state, so that the caustic ley 
is easily separated froin it. When we suppose that we have 
added enough of lime, we may test the liquid by taking out a 
little and mixing it with its own bulk .of lime water. If the 

* Nicholson’s Journal, i. 164. f Klaproth’s Beitrage, i. Preface^ p. 10. 
Dublin Philosophical Journal, i. 48. 
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Chap. Ill, mixture remain transparent^ the whole carbonic acid has been 
removed. 

AVhen the liquid has been rendered perfectly caustic, besides 
potash, it always contains a little lime in solution ; which may 
be removed by cautiously dropppig a solution of carbonate of 
potash, and agitating as long as a precipitate falls. 

Even the potash obtained by means of alcohol, is not abso- 
lutely pure. Besides a good deal of water from which we 
cannot free it, the alcohol dissolves also chloride of potassium^ 
which is always present in the poUish of commerce, and some 
carbonate of potash is formed ^t the expense df the alcohol 
during the evaporation. , When we take Mr. Donovan^s 
method of employing bicarbonate of potash, the liquid will 
contain no other impurity than a little carbonate of poUish, 
from which it would be difficult to free it ; but it is of no 
importance, as far as regards almost all the purposes to which 
it is usually applied. 

History. That potasli was known to the ancient Gauls and Germans 

can|j,ot b§, doubted, as they were* the inventors of soap, which, 
Pliny informs us, they composed of ashes and tallow. These 
ashes (for he mentions the ashes of the beech-tree particularly) 
were nothing else but potash; not, however, in a state of 
purity.* The too, mentioned by Aristophanes and Plato, 
appears to have been a ley made of the same kind of ashes. 
The alchyinists were well acquainted with it; and it has been 
in every period very much employed in chemical researches. 
It may be said, however, vdth justi^je, that till Berthollet pub- 
lished his process in the year 1786, chemists had never exam- 
ined potash in a state of complete purity.f 

2. Potash is a brittle substance of a white colour, and a 
smell resembling that which is perceived during the slacking 
of quicklime. Its taste is remarkably acrid ; and it is so 
exceedingly corrosive, that when applied to any part of the 
body, it destroys it almost install tjineously. On account of 
this property, it has been called caustic^ and is often used by 

* Plinii, lib. xviii, c. 51. 

t Potash was long distinguished by the name of vegetable alkali^ because 
it is obtained from vegetables, and because it was long thought to be pecu- 
liar to the vegetable kingdom ; but this is now known to be a mistake. It 
was called also salt of tqrtar, because it may be obtained by burning the salt 
called tartar, Mr, Kirwan has given it the name of tartarin ; Klaproth, 
kali; and Dr, Black, lixival By most British chemists it is called potash; 
but this term, in common language, signifies the carbonate of potash, or the 
potash of commerce. 
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surgeons, under the name of the potential cautery^ to open absces- famuy l 
ses, and to destroy useless or hurtful excrescences. Its spe- ’ 
cific gravity^ in the state of hydrate is 2*1.* 

3. When potash is perfectly dry it is a non-conductor of elec- 
tricity, but it becomes a cond\|^ctor wh Ai slightly moistened on 
the surface, a degree of moisture which it acquires by being 
exposed for a few seconds to the atmosphere. When pioces 
of potash in this state are placed upon a disc of platinum 
Attached to the positive end of a powerful galvanic battery, and 
a platinum wire from the negative extremity is made to touch 
its upper surface, the potash is»gradually decomposed, oxygen 
gas separating at the extremity of the positive pole, while 
globules of a wdiite metal like mercury appear at tlie side in 
contact with the phitinum wire. A number of accurate expe- 
riments demonstrated to Sir H. Davy that these globules were 
the basis of potash, and tliat they were converted into potash by 
absorbing oxygen. This brilliant discovery was made in the 
year 1807.f To the metallic basis, thus discovered, Davy 
gave the name oi potasamm.^ • . 

Soon after Gay-Lussac and Thenard discovered that potas- 
sium could be obtained in greater quantities by passing potash 
through iron turnings, heated to whiteness in a gun-barrel 
covered on the outside with clay to protect it from the action 
of the fire.§ This difficult process was imprtjved by Mr. 
Smithson Tennant in 1814. (|, , 

The potassium obtained by this process amounts to about 
the fourth part of the weiglft of the hydrate of potash employed. 

About two-thirds of the potash combine with the iron, forming 
a compound of a peculiar nature, not hitherto examined. It 
adheres strongly to the iron tube, an3 is scarcely soluble in 
water. 

Curaudau proposed another method of obtaining potassium. 

He took the barrel of a pistol, shut up the touch-hole, and 
covered it with a clay lute. He thjn. introduced into it a 
mixture of cream of tartar, previously heated to redness in a 
crucible, and mixed afterwards with a little powdered charcoal 
and oil. This tube he heated to whiteness in a forge till green 
coloured vapours began to issue. Then bars of polished iron 

* Dalton. , 

f Davy has given a detailed account of it in Phil. Trans. 1808. 
t The German and Swedish chemists call it 'kalium, 

§ This process is described at length in Recb. Physico-chiiniques, i, 74 /. 

II Phil. Trans. 1814, p. 587. 
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cb«pt «L were introduced into the barrel, till within a few lines of the 
incandescent mass, and instantly withdrawn. They were 
coated with small globules of potassium, which were detached, 
and kept under naphtha.* 

This process'of Curalidau yielded very little potassium. But 
about the year 1824, it was so much improved by M. Brunner, 
PiAjfessoi* of Chemistry at Berne, that it now furnishes by 
far the easiest and most economical method of procuring pot- 
assium.f 

PrepsiattoD. The vessel which answers best for the process is a bottle of 
hammered iron; and Brunner recommends for it the iron 
bottles in which mercury io put when imported from the mer- 
curial mines. If such a bottle is to be used, it ought, in the 
first place, to be exposed to a white heat to drive off all the 
mercury which may be attached to the inside of it. This bottle 
is to be filled with the black matter into which cream of tartar 
is converted by heating it to redness in a crucible. This black 
matter is a mixture of carbonate of potash and charcoal. To 
prexgnt it from melting when Heated, it is proper to mix it 
intimately with a quantity of charcoal powder, weighing about 
^'^th of the cream of tartar employed. With this mixture the 
iron bottle is filled. It is then placed horizontally in a good 
wind furnace, being supported behind by a piece of fire-brick. 

The figure in the margin represents 
a secjion of the furnace, with the 
iron bottle A, supported by the fire- 
brick B^ To the mouth of the iron 
bottle a short iron tube C, (a piece 
of a gun barrel will answer,) is 
either to be fitted by means of a 
female screw in the mouth of the 
bottle, or simply by grinding. This 
tube must pass through a hole in a 
fire-brick, with which the mouth of 
the furnace is shut. It should be as short as possible, so as 
completely to clear the furnace. This tube is luted to a hole 

• Ann. de Chim. Ixvi. 97. 

•j: Bibliotheque Univepelle, xxii. 36. — Poggendorf’s Annalen der Physik. 
iv. 23, where Brunner’s process, as improved by Berzelius, is described by 
Wohler ; and in the same volume L. Gmelin (p, 31), gives an interesting 
account of the phenomena attending the process, and describes some new 
products, particularly croconic add. 
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in the receiver D, which was con- 
trived by Berzelius, and which I 
shall endeavour to describe. It is 
made of tinned copper, and con- 
sists of two pieces. The upper 
piece D is a thin parallelepiped, 
ten inches long^, five or six broad, 
and thick. It is shut at the 
tdp and open at the bottom. To- 
wards the side a, it is divided into 
two parts by Ihe diaphragm 6*, 
which goes within a third of the 
bottom, and separates it com- 
pletely, as far as it goes, into two 
separate compartments. Tbwards the top of D there is a small 
opening </, into which the end of the gun-barrel enters, and to 
which it is luted air-tight, or what is better, the gun-barrel 
should be fitted to it by grinding. Exactly opposite to it at a, 
there is another opening fitted with a cork, through ^litelT an 
iron wire e e passes air-tight. It passes also through a cork 
fitted into the diaphragm h b. The use of this iron wire is to 
keep the gun-barrel tube from being filled up during the pro- 
cess with a black matter which is volatilized into it. 

E is the other division of the receiver. It is a parallelo- 
piped of tinned copper, similar to the upper half; open above 
and shut below. D fits^it exactly, so that it can be plunged 
to the bottom of it. A few fnches of* naphtha are put into the 
vessel E ; then D is slipped into it, and the place between D 
and E is well luted with fat lute, or piy;ty, to prevent the air 
from penetrating. The same precaution is taken with the 
joining at d. Near the top of the vessel D, between the dia- 
phragm and a, there is another small opening, to which a bent 
glass tube is luted, which plunges into a vessel filled with 
naphtha. The use of this tube is to alloiv the gases generated 
to escape, without air having access to the inside of the receiver. 

The iron bottle with its contents, and gun-barrel tube, being 
put into the furnace, is heated to redness, and the heat raised 
till gfreen-coloured vapours begin to make their appearance, 
which is a proof that the decomposition hag begun. The re- 
ceiver is then attached, and the process continued. As long as 
gas issues from tho bent tube, it is a proof that the process is 
going on. If the issue stops, it is a proof that the gun-barrel 
is stopt up. It must be cleared by the iron wire e c. Thb 
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Chap. Ill, iron p^poge should terminate in a kind of cork- 

screw point. It should nbt be too thick. For in one of my 
processes I thought to secure the opening from the bottle 
through the gun-barrel by means of a round iron bar, termi- 
nating in a screw point. Butrvery soon I found that all my 
force was insufiicient to remove the obstruction, and was obliged 
in consequence to stop the process. I succeeded much better 
with an iron wire. But it is exceedingly difficult by any 
method whatever to prevent the gun-barrel from bei/ig 
choked up. 

When no more gas issues^ though the tube be open, the 
process is finished. If the operation has been successful, we 
find the potassium for the most part in globules at the bottom 
of the receiver E. It is sdways mixed with more or less of the 
black matter which obstructed th^! tube. W^hen tliis black 
matter is distilled, it yields a good deal of potassium. W^e 
must beware of letting any water come in contact with it, for 
it burns, and even explodes violently, whenever we wet it. 
Tbv: ■greatest part of the potassium has been dissipated along 
with the gas. We obUiin about 3 parts of potassium for every 
100 parts of cream of tar tor that we em])loy in the process. 

The potassium thus obtained contains charcoal, from which 
it may be freed by distillation. I perforin this in small 
bottle-glass retorts, which I fill with naphtha, and plunge their 
beaks into a receiver nearly fill’d Avitli naphtha. The naphtha 
first passes over, and then the potassium, except a small quan- 
tity which cannot bo separated fr6m tlie charcoal, except by a 
heat greater than the retort can bear. 

I have been thus particular in describing this process, because 
it is the most economical one hitherto contrived, and it will of 
consequence be hereafter followed for preparing this most 
important chemical agent. 

The properties of potassium were ascertained witli much 
industry and sagacity *by Sir H. Davy.* They were likewise 
examined with much care by Gay-Lussac and Thenard, who 
corroborated the facts determined by Davy, and added some 
important ones of their own.-}- 

Properties. Potassium is white, and it has the metallic lustre as com- 
pletely as silver or mercury. At the temperature of 50“ it is 
a softand malleable solid. Its fluidity becomes perfect at 136^“, 
and at 32“ it is hard ftnd brittle, and when broken in fragments 

* Phil. Trans. 1808, p. 1. Itecherches Physico-chimiques, i. 107. 
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exhibits a crystalline structure. Nearly a red heat is required 

to convert it into vapour. Its specific gravity at 60° is 0*86507, 

so that it is lighter than water. It is an excellent conductor 
of electricity and of heat. 

When potassium is exposed to the air, it absorbs oxygen, 
and is covered with a crust of potash in a few minutes. This 
crust absorbs water, which is rapidly decomposed, and in a 
short time the whole becomes a saturated solution of potash. 

When heated in oxygen gas to the temperature at which it 
begins to ev^orate, it burns with a brilliant white light pro- 
ducing intense heat. • 

When thrown upon the surface 5f water it decomposes that 
liquid with rapidity, and the hydrogen gas evolved, carrying 
with it small particles of the metal, takes fire in the air, and 
communicating the comUustion to the potassium, the whole 
burns with a kind of explosion, emitting a red light. 

II. Potassium is generally considered as capable of uniting oxides, 
with three portions of oxygen ; but I think it very doubtful 
whether the suboxide be any thing else than a mixtufc^#»pot- 
assiiim and pokish. 

1. The suboxide is formed when potassium is heated in a suboxide. 
quantity of air not having enough of oxygen to convert it into 
potash; or by heating a mixture of 1 part potassium, and 1;^ of 
hydrate of potash to a temperature not exceeding 570 degrees 

of Fahrenheit. W^hile hot k has a red colour, but becomes 
gray on cooling. WTen heated to about 80°, it takes fire and 
burns brilliantly. At a tefnperature below redness, it is con- 
verted into peroxide of potassium ; at a white heat it is decom- 
posed into potassium which sublimes, an^ potash which remains. 

It has not been analyzed. ’But if it be a true suboxide, it is 
probably a compound of two atoms potassium and 1 atom 
oxygen. , 

2. Potassium is converted into potash when put into water. Pota.h. 
That liquid is decomposed giving out kydrogen gas, while its 
oxygen unites to the potassium and converts it into potash. 
According to the experiments of Gay-Lussac and Thenard 
34*177 grains of potassium when put into water, evolve 40*655 
cubic inches of hydrogen gas at the temperature of 59°, and 
when the barometer stands at 29*351 inches.* Hence, under 

a pressure of 30 inches of mercury, the quantity of gas evolved 
would have been 39*776 cubic inchest According to this 


* Recherches Physico-chiiniques, i. 117, 
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Composition. 


Propertief. 


experiment, 100 grains of potassium, when converted into 
potash in ^ter, occasion the evolution of 116*88 cubic inches 
of hydrogen gas. Consequently the potassium must have 
united with a quantity of oxygen equivalent to 58*19 cubic 
inches. But 68*19 cubic inches weigh 20*137 grains. Ac- 
cording to this experiment, potash is composed of 
* * Potassium . . 100 

Oxygen . . 20*137 

Berzelius took an amalgam of potassium, decomposed it bjr 
water, saturated the potash by muriatic acid, and then deter- 
mined its quantity by weighing the salt which he had thus 
formed. The loss, of weight of tlie amalgam gave him the 
quanti^ of potassium. This weight, subtracted from that of 
the potash, gave the quantity of oxygen with which it had 
combined. The result of his experiments gave him potash, 
composed of 100 potassium -f- 20*525 oxygen but which he 
afterwards corrected to the following numbers :f 
Potassium . . 100 

Oxygen . . 20*409 

Now the mean of these two sets of experiments gives us 
potash composed of 

Potassium . . 100 

Oxygen . . 20*273 

Hence, I think, we may without hesitation adopt the following 
as the true proportions in whiph the constituents of potash 
combine : 

Potassium ‘ . ' 100 

Oxygen . . 20 

If we consider potash as a compound of one atom potassium 
and one atom oxygen, and nothing appears contrary to this 
supposition; then it follows that the weight of an atom of 
potassium is 5, and that of an atom of potash 6 ; 6 accord- 
ingly is the equivalent number according to which potash 
enters Into all combin^ions. 

Pure potash was first obtained by burning potassium and 
exposing the potash formed to a heat sufficient to drive off any 
surplus oxygen which it may have absorbed. Its colour is 
grayish-white, it melts at a red heat, and sublimes when the 
heat is raised a little higher. The fused mass is hard, breaks 
with a conchoidal jfi'acture, and has a higher specific gravity 
than the hydrate of potash. It unites to water with much 

* 11.111). de China. Ixxv. S45. f Annals of Philosophy, in. 360. 
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violence, and if only the requisite proportion of water lias been Pwnay t 
employed, the heat evolved is sufficient to make the potash 
red-hot. 

When potash is obtained by any of the processes described 
in the beginning of this section^ it is in tlie state of a hydrate. 

If it be pure and exposed to a red heat, it fuses, and the matter 
thus obtained is a compound of * * 

1 atom potash . . 6 or 100 

* 1 atom water . . 1 *125 or 18*75 


M25 

The hydrate of potash has a very strong affinity for water. At Hydrate of 
the common temperature of the air, one part of water dissolves 
two parts of potash. The solution is transparent, very dense, 
and almost of the consisteifce of oil. It is in this state that 
potash is usually employed by chemists. When four parts of 
potash in powder and one of snow are mixed together, the 
mixture becomes liquid, and at the same time absorbs much 
heat. This mixture was employed by Lowitz to piodLitce 
artificial cold. When the aqueous solution of potash is 
evaporated to a proper consistency, the potash crystallizes. 

The shape of its crystals is very different, according to th^ 
way in which they have been produced. When allowed to 
form spontaneously, they are octahedrons in groujfes, and con- 
tain 0.43 of water, or they are qpmposed 0 |f 
1 atom potash . . 6 

4 atoms wafer • . t 4*5 


10*5 

'riiese octahedral crystals theaefore constiinite a quaterhydrate 
of potash. When formed by evaporation on the fire, they 
assume the figure of very thiii transparent blades of extn^r- 
dinary magnitude, which, by an assemblage of lines crossing 
each other in prodigious numbers, present^ aggregate oPcells 
or cavities, commonly so very close, that the vessel may be 
inverted without losing one drop of the liquid which it con- 
tains.* 

The following table by Mr. Daltonf exhibits the quantity of 
potash contained in 100«parts of solutions of potash in water, 
of different specific gravities : * 


I. 


* Nicholson’s Journal, i. 164. 

i* Dalton’s New System of Chemistry, Part ii. p. 476. 
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Sp. grav. 
of solution. 

Potash 
per cent. 

Sp. grav. 
of solution. 

Potash 
per cent. 

Sp. grav. 
of solution. 

Potash 
per cent. 

1-68 

51-2 

1*42 

34*4 

1-23 

19'5 

1-60 

46-7 

1-39 

32-4 

119 

16-2 

1-52 

42-» 

1*36 

29-4 

1*15 

13-0 

1-47 

39*6 

1-33** 

26-3 

1-11 

9-8 

. 1-44 

36-8 

1*28 

23-4 

1-06 

4-7 


Potash is employed in medicine both externally and infer- 
nally. It is proper on that account to mention that the caustic 
potash prepared for medical use in this country is seldom 
quite free from lead. I cannot account for this, except by 
supi^ing that the potash is prepared in leaden vessels — a very 
improper practice, because potash has the property of dissolv- 
ing protoxide of lead with great facility. 

3. The peroxide of potassium was discovered in 1810, by 
Gay-Lussac and Thenard. It is formed by heating potassium 
in a glass jar filled with oxygen gas. A vivid combustion takes 
place, and a great deal of oxygen gas is absorbed. From the 
e^JS^riments of Gay-Lussac and Thenard, it appears that 100 
grains of potassium, when thus burnt, are capable of absorbing 177 
cubic inches of oxygen gas. Hence this peroxide is composed of 
Potassium . . 100 or 5 

Pxygen . . 61’25 or 3*06 

So that it is a compound of 1 atom potassium and Satoms oxygen. 

This peroxide i^ a solid bddy of a yellow colour. It fuses 
when exposed to a temperature higlier than is requisite to fuse 
common caustic potash. On cooling, it crystallizes in plates. 
When put into water, it effervesces, and is reduced to the state 
of potash, giving out the excess of oxygen which it contained. 
When brought in contact with phosphorus, sulphur, or carbon, 
combustion takes place when the temperature is raised ; these 
bodies are acidified, and the acids formed unite to the potash. 
When surrounded with hydrogen and heated, that gas is ab- 
sorbed without the*'appearance of light, and much water is 
formed. In like manner, sulphurous acid, and protoxide of 
azote, are acidified when it is heated in them. Ammonia is 
decomposed, water being formed and azotic gas disengaged.* 
When hydrate of potash is fused in an open silver crucible, 
the peroxide of potassium is frequently formed ; the oxygen of 
the atmosphere being absorbed, and taking the place of the 
water. Hence it happens that hydrate of potash, after having 


* Recherches Physico-chimiques, i. 128. 
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been fused by a violent heat, frequently dissolves in water with Family t 
a lively effervescence, oxygen gas being disengaged. ^ ^ 

III. Potassium combines readily with chlorine, and forms a 
compound called chloride of potassium. ^ 

When potassium is introdticed into chlorine gas, it bums chloride: 
with a brilliant red flame, the chlorine is absorbed^ and tj^e 
whole is converted into a white saline mass. This substance 
is cJdoride of potassium. If potash be heated in chlorine gas 
ife oxygen is disengaged, while the chlorine is absorbed and 
takes its placq. It appears from this experiment, which was 
made by Davy, that at a red heat potassium has a stronger 
affinity for chlorine than it has for (&ygen. This chloride is a 
compound of 

1 atom chlorine . . 4*5 

1 atom potassium . . 5 

9*5 

It possesses the characters of q salt. On that account, I shall 
reserve the description of it to the second volume of tlffcftfOrk. 

IV. Potassium combines very readily with bromine. Simple Bromide, 
exposure to the vapour of bromine is sufficient to produce the 
combination. The cubic crystals obtained by saturating ether 
impregnated with bromine and evaporating, constitute bromide 

of potassium. Its taste is sharp. When heated it decrepitates, 
and melts at a red heat, without undergoing alteration. At a 
high temperature it is decomposed by chlorine ; but iodine has 
no action on it. It is decomposed* by sulphuric acid, which 
disengages vapours of hydrobromic acid and bromine. From 
the analysis of Balard, it is evidently cqpposed of 
1 atom bromine^ . . 10 

1 atom potassium . . 5 


15* 

V. Potassium combines with iodine, and forms a compound 
which we shall call iodide of potassium. 

When the vapour of iodine comes in contact with potassium iodide, 
the metal takes fire and burns with a violet coloured flame, 
while the iodine is absorbed. The compound melts, and is 
volatilized at a tempenrature below redness. On cooling it 
crystallizes, and assumes a pearly lustre. *It dissolves readily 
in water, and the solution does not alter vegetable blues. This 
iodide is composed of 

* Balard, Ann. de Chim. et de Phys. xxxii. 355. 
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1 atom iodine . . 15*75 

1 atom potassium . . 5 

It possesses also the characters of a salt, and will come under 
our view hereafter. 

VI. When potassium is heated in hydrogen gas a portion of 
it is volatilized, and remains mixed with the gas. The hydro- 
gen, in consequence, acquires the power of burning spontane- 
ously when mixed with common air or oxygen gas. But if the 
gas be kept it speedily deposits the potassium, and is reduced 
to its ordinary state. We cannot, therefore, coqpider tliis as a 
gaseous compound of potassiuiii and hydrogen. 

Whep potassium is heated in hydrogen gas, there is a par- 
ticular temperature intermediate between a red heat and the 
common temperature of the air, at which the metal absorbs the 
and is converted into a hydret.' This hydret has a gray 
colour, and is destitute of the metallie lustre. It is infusible, 
and does not burn spontaneously either in common air or 
oxygen gas. In water it is cqpverted into potash, and the 
hydrtJgd^ which it contains is disengaged along with what 
proceeds from the water decomposed.* According to Gay- 
Lussac and Thenard, to whom we are indebted for the dis- 
covery of this hydret, the quantity of hydrogen which potassium 
absorbs is rather more than ^th of what it disengages from 
water when converted into potash. Now 100 grains of potassium 
evolve from water 116*4 cubic inches of hydrogen. The fourth 
part of 1 16*4 is 29*1. But 29* 1 cubi clinches of hydrogen gas 
weigh 0*629 grain. So that hydret* of potassium is composed of 
Potassium . . 100 . 5 

Hydrogen , . 0*629 . 0*0314 

But 0*0314 X 4 = 0*1256, whirii is very nearly equivalent 
to the weight of an atom of hydrogen. W^e have reason, 
therefore, to conclude that this hydret is a compound of 4 
atoms potassium and 1 atom hydrogen. If so, its constituents are 
Potassium . . 20 

Hydrogen . . 0*125 

20*125 

VII. ^Nothing is known respecting any compoimd which 
potassium may be capable of forming with azote. 

VIII. The phenomena which take place during the prepa- 
ration of potassium by Brunner’s method, leave little doubt 
that potassium and carbon are capable of combining ; though 

* Recherches Physico-chimiques, i. 176. 



POTASSIUM. 


405 


carburet of potassium has neither been obtained in a state of *• 

purity, nor lias its composition been determined. The black ‘ 
matter which remains in the retort after the distillation is over, 
certainly contains potassium united to^carbon. When mois- 
tened with a little water it tak<^ fire and burns. W^hen thrown 
into water it is decomposed with effervescence. J tried, to 
preserve it under naphtha ; but was not successful. Probably 
the same carburet exists in the black matter which chokes up 
the iron tube during the preparation of potassium by Brunner’s 
method. , 

IX. No experiments have hitherto been made to determine 
whether boron and potassium combine, or the nature of tfep boret. 

X. Silicet of potassium is obtained when silica is decom- aucct. 
posed by means of potassium. It is a brown substance, without 
any metallic lustre. When put into water hydrogen gas is 
evolved and silica formed. 

XI. When potassium and phosphorus are heated together, Phosphuret. 
surrounded by an atmosphere, of azotic gas, or in a vacuum, 

they unite, and in the act of combining the compound^^Omes 
red-hot. The same phosphuret is formed, when potassium is 
heated in phosphuretted hydrogen gas, pure hydrogen gas 
being left if the quantity of potassium be sufficient. This 
phosphuret, as formed, has a chocolate colour. It takes fire in 
the open air, and when thrown into water, the evolution of 
phosphuretted hydrogen gas is»so rapid that a kind of explo- 
sion takes’ place. The phosphuret thus formed contains an 
excess of phosjihorus. Ilosb inform! us that when a current of 
hydrogen gas is passed over it, while heated in a glass tube, 
till all the excess of phosphorus is exp^led, it crystallizes on 
cooling, has the metallic lustre, and the colour of copper. No 
attempts have yet been made to determine the composition of 
this compound. But there can be no doubt that phosphorus 
and potassium are capable of uniting in more than one pro- 
portion. 

XII. For the investigation of the sulphurets of potassium suiphuretaL 
we arc indebted to Berzelius, who has shown that the two 
constituents combine in no fewer than 5 different proportions.* 

Sulphuret of potassium was known formerly by the name of 
liver of sulphur^ and was considered as a compound of sulphur 
and potash. Berthollet first showed that when dissolved in 
water it contains sulphate of potashf . And he considered the 


* Kongl. Vetens. Acad. Hand). 1821, p. 80. f Ann. de Chim. xxv. 233. 
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Sulphurct. 


solution as a mixture of sulphate of potash and hydrosulphuret 
of potash. In 1817, Vauquelin endeavotired to prove that 
when sulphur and potash are heated together, a part of the 
potash is converted into potassium, wliile at the same time a 
portion of the sulphur is acidified. Consequently that the 
compound obtained is a mixture of siilphuret of potassium and 
sulphate of potash.* This opinion was finally verified by the 
experiments of Berzelius above referred to. 

1. Sulphuret of potassium, Berthier has shown that this 
compound is obtained by mixing sulphate of po^h with char- 
coal powder, and exposing tli4 mixture to a white heat in a 
covered crucible. It may be procured also by heating the 
same salt to redness in a glass or porcelain tube, and passing 
through it while in that state, a current of dry hydrogen gas. 
The oxygen by either of tliese processes is separated from the 
acid and the base, and the sulphur and potassium left in com- 
bination. When no more water appears the process is termi- 
nated. It is obvious (since sulphate of potash is a compound 
of sulphuric acid and 1 atom potash), that tliis sulphuret 

is a compound of 

1 atom sulphur . . 2 

1 atom potassium . . 5 

7 

It has a dark red colour like cmnabar, jwd is crystalline in its 
texture. It is not very combustible. ^ When heated before the 
blow-pipe it burns for aif instant, ‘but is speedily covered by a 
thin coating of sulphate of potash, which protects the interior por- 
tion from the air. It absorbs moisture from the atmosphere, and 
runs into a yellowish liquid. Its Golution in water is colourless. 

If we mix together very intimately two parts of sulphate of 
potash and one part of lamp-black, and heat the mixture to 
whiteness in a covered crucible, we form a pyrophorus, the least 
particle of which sci^ltillates when exposed to the air. It con- 
stitutes the pyrophorus of Homberg. The combustibility is 
owing in this case to the minute state of division of the sulphu- 
ret of potassium, and its intimate mixture with the excess of 
charcoal employed to reduce the sulphate. 

This compound may be obtained in the liquid way by the 
following process contrived by Berzelius : Take a solution of 
caustic potash and divide it into two equal portions. Saturate 


* Ann. de Chim. et de Phys. vi. 5. 
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one of these portions with sulphuretted hydrogen gas, put the *• 

saturated solution into a retort through which a current of ' 

hydrogen gas is made to pass, and heat it to drive oif all excess 
of sulphuretted hydrogen gas. The potassium in this process 
combines first with sulphur* and afterwards with sulphuretted 
hydrogen. Or in reality (as I have found by experiment) the 
liquid contains a compound composed of 

1 atom bisulphuretted hydrogen . . 5 

1 atom potassium .... 5 

10 

When the other portion of caustic pOtash is added the whole 
is converted into sulphuret of potassium.-}- If we evaporate the 
liquid while a current of hydrogen gas passes over it, we obtain 
a thick colourless magma u^ich does not crystallize. A little 
alcohol being added the sulphuret separates in the state of an 
oleaginous liquid, which is redissolved by an additional dose of 
alcohol. The taste of this liquid is exceedingly alkaline, and 
it acts as an alkali upon the epidermis and cuticle. Itlfert^res 
its blue colour to reddened litmus paper. Berzelius says that 
it does not remove the epidermis of the tongue, an experiment 
which I have not tried. 

This sulphuret possesses the characters of a base, and unites 
with most of the sulphur acids into sulphur salts. * 

2. Bisulphuret of potfissium. .This compound is obtained by Bisuiphuret. 
dissolving the hydrosd^huret of potassium in alcohol, leaving 
the solution exposed to the sfir, till it ’begins to become muddy 
on the surface, and then evaporating it to dryness in vacuo. 

This bisulphuret has an orange colour ; its texture is not crys- 
talline; it enters easily into fiision. Hydrosulphuret of potas- 
sium is a compound of 1 atom bisulphuretted hydrogen and 1 
atom potassium. When the solution is exposed to the air the 
hydrogen in the first place absorbs oxygen, and is converted 
into water. The liquid becomes muddy j^n- the surface as soon 
as the sulphur begins to unite to oxygen. It is obvious from 
this statement that bisulphuret of potassium is a compound of 
2 atoms sulphur . . 4 

1 atom potassium . . 5 

9 

m 

• The hydrogen being employed to reduce the potassium. 

+ Because the atom of hydrogen is employed in converting the new dose 
of potash into potassium. 
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3. Tersidphuret of potassium is obtained by passing a cur- 
rent of bisulphuret of carbon vapour over carbonate of potash 
heated to redness as long as a permanent gas is disengaged. It 
may be obtained still more easily (but mixed with sulphate of 
potash) by heating a mixture of 35 parts of carbonate of potash 
and 20 parts (at least) of sulphur in a glass vessel, and keeping 
the mixture in a state of fusion at an incipient red heat, till 
the ebullition produced by the escape of carbonic acid gas is at 
an end. In this case the oxygen from three-fourtlis of the 
potash unites with and acidifies a quantity of sulphur exactly 
capable of saturating one-fourth of the potash, which continues 
unaltered. Thirti^-five carbonate of potash contains 24 potash, 
which may be considered as the equivalent for 4 atoms. 
Eighteen or three of these atoms give out their oxygen and 
are reduced to potassium. The thYce oxygen thus disengsiged 
unites with 2 sulphur, and converts it into sulphuric acid; 
which combines with the 6 potash still continuing unaltered. 
Thus we have 

sulphate of potash ll 

oi. ^ 11 ^ c .• C5X3 = 15 potassium. 

3 atoms tersulphuret of potassium, < „ „ „ , , , 

^ ^ 46 X 3z= 18 sulphur. 

It is obvious from all this that the sulphuret formed is a com- 
pound of 

3 atoms sulphur = 6 
J atom potassium ^ 5 

11 

So that its atomic weight is 11. 

This is the sulphuret usually formed when sulphur and an 
alkaline carbonate are fused togefther. It is black and opaque 
while in a state of fusion ; but when cold it lias an hepatic 
colour, or the colour of common liver of sulphur. If we employ 
less than 8 sulphur, the whole carbonate of potash is not 
decomposed and continues mixed with the sulphuret. In such 
cases we have tersulphuret of potassium, mixed both with 
sulphate and carbonate of potash. If we expose such a mixture 
to a white heat, the carbonic acid gas is driven off and bisulphu- 
ret of potassium formed. 

4. Quxttersvdphuret of potassium be obtained by passing 

the vapours of bisulphuret of carbon over sulphate of potash 
heated to redness, till all disengagement of carbonic acid gas is 
at an end. Or we may fuse carbonate of potash with an excess 
of sulphur, and after driving off the excess of sulphur by heat. 
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pass a current of sulphuretted hydrogen over it at a red heat, 
till the sulphate of potash contained in it be completely decom- 
posed. 

This sulphuret resembles the preceding in appearance. 

From the analysis of Berzeli'is it is a compound of 
4 atoms sulphur . . 8 

1 atom potassium ^ . 5 

13 

So that its atomic weight is 13. 

5. PersuIj^uretofpotassiurma&yheohtalneAhyi^e following Perauiphuret. 
process : Mix together 35 parts of'carbonate of potash and 32 
parts of sulphur, and fuse the mixture in a glass vessel. The 
combination takes place at the temperature at which the sulphur 
fuses. In this case also, ‘one quarter of the potash Ls converted 
into sulphate, while tlie other jhree-fourths are reduced to tlie 
state of potassium, and unite with the sulphur not acidified. 

The potash in 35 parts of carbonate weighs 24, equivalent to 
4 atoms; the sulphur, 12, is equivalent to 6 atojrtfa. „ Two 
sulphur unite to 3 oxygen, derived from the reduction of three 
atoms of the potash to potassium. TJie 5 sulphuric acid unite 
with 6 potash, and form 1 1 sulphate of potash. There remain 
15 potassium and 30 sulphur, which obviously enter into com- 
bination. Dividing by 3 (because there are 3 %toms of potas- 
sium) we have 5 pot^sium jqid 10 sulphur, which is obviously 
equivalent to 

• • 

5 atoms sulphur . . 10 

1 atom potassium . . 5 

15 

So that its atomic weight is 15. 

This persulphuret constitutes the common liver of sulphur 
of chemists. To obtain it free from all mixture of sulphate of 
potash, we have only to take one of the preceding sulphurets, 
formed by means of sulphuretted hydrogen or bisulphuret of 
carbon, and fuse it with an excess of sulphur, till all, except 
what enters into combination, is expelled. 

It has a deep liver colour. It absorbs moisture from the 
atmosphere, and at the same time gives (fut tlie smell of sul- 
phuretted hydrogen. When kept in. badly corked phials it 
becomes white on the surface in consequence of the absorption 
of oxygen. Acids diseng^e from it sulphuretted hydrogen 
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Ter-quater- 

sulphuret. 


gas, while sulphur precipitates. When poured into muriatic 
acid, not too strong, bisulphuretted hydrogen is disengaged. 
When heated with the metals, it converts them all, without 
exception, into sulphurets, and several of them have the pro- 
perty of uniting with tKe sulphuret of potassium, and forming 
with it a sulphur salt. 

Besides* these five sulphurets, for a knowledge of which we 
are indebted to Berzelius, there are two otliers, which seem to 
consist of two of these sulphurets united together. 

6. The first is a compound of one integrant particle of ter- 
sulphuret, with one integrant particle of quatersulphuret. 
Berzelius obtained it by passing a current of sulphurettetl 
hydrogen gas over red-hot sulphate of potash, till the formation 
of water by the mutual action of the gas and the salt are at an 
end. When cold this sulphuret is trtmsparent, and has a fine 
wine red colour. According to the analysis of Berzelius it 
consists of 


3^ atoms sulphur ... 7 

atom potassium * . . . 5 


Quaterper. 

gulphuret. 


12 

Or it is a compound of 

1 atom tersulphuret . . 11 

] atdm quatersulphuret . . 13 

• « ' 

24 

This is equivalent to • • ' 

2 atoms potassium ... 10 

7 atoms sulphur ... 14 

24 

7. The other compound sulphuret is intermediate between 
the quatersulphuret and persulphuret. It was obtained by 
mixing quatersulphuret of potassium with sulphur, heating the 
mixture to incipient redness, and in that state passing a cur- 
rent of sulphuretted hydrogen over it, till no more sulphur is 
distilled over. According to the analysis of Berzelius it is a 
compound of 

4^ atoms sulphur . • . 9 

1 atodi potassium . . 5 


Or we may consider it as a compound of 


14 
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1 atom quatersulphuret 
1 atom persulphuret 


Thus it uppers that the sulphurets of potassium are as follows. 


Potassium. 

1. Sulphuret 1 atom 

a Sulphur. 

-f- l.atom 

Atomic weight 

7 

2. Bisulphuret 1 

"b 2 . 

9 

3. Tersulphuret 1 

+ 3 

11 

4. Quatersulphuret 1* 

+ 4 

13 

6. Persulphuret 1 

+ 5 

15 

6. Ter-quatersulph. 2 

-j— 7 . 

24 

7. Quater-persulph. 2 

+ 9 

28 


XIII. When selenium and potassium are heated ^t^ether seieniet. 
they combine with the evolution of a red heat, which sublimes 

a portion of the compound. The seleniet of potassium has the 
metallic lustre and the colour of iron. Its fracture is crystal- 
line and radiated. It dissolves in water without the evolution 
of any gas in consequence of the great solubility;of selenietted 
hydrogen gas in water. The liquid has a deep red colour. 

Acids precipitate selenium from it.* 

XIV. Arsenic combines readiljj with potassium by the Arseniet. 
application of a moderate heat. Light is evolved during the 
combination. This arseniet has a brown colour, and little of 

the metallic lustre. When put into water much less hydro- 
gen gas is evolved than would have appeared if the potassium 
had not been alloyed with the arsenic. The reason is that a 
portion of it remains combined with the arsenic, forming a 
solid hydret of arsenic.f 

XV. The alloy of tellurium and pot^ium may be obtained 
by exposing a mixture of tellurate o£.potash and charcoal to a 
strong heat in a well covered crucible. 

XVI. Serullas formed the alloy, antimony and potassium, by Anamwiiefc 
exposing to a strong heat, an intimate mixture of equal weights 

of bitartrate of potash and antimony in powder. The heat 

• 

* Berzelius, Ann. de Chin), et de Phys. ix. 241. 
t Gay-Lussac and Thenard. Recherches Physico-chiiniques, i. 224. 


This is the same thing as 

2 atoms potassium 
9 atoms sulphur 


28 

10 
18 ' 


28 
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Soda. 


Preparation. 


must be at first gentle, and after every thing which is volatile 
at a red heat has been driven off, it must be raised and kept 
for some hours in a white heat. It has a grayish black colour, 
and is more porous, softer, and less brittle than antimony. 
When pounded it gives out spa^’ks. When left exposed to the 
air it becomes hot, and burns the paper in which it was wrapt. 
It* * * § ” decomposes M’^ater and alcohol with considerable energy. 
Mercury separates the potassium and leaves the antimony.* 

XVII. Nothing is known respecting the alloys which potas- 
sium may be capable of forming with chromium, uranium, 
molybdenum, tungsten, titanii.m, and columbium. 

SECTION II. OF SODIUM. 

Soda, called also fossil or mineral alkalif[ because it was 
thought peculiar to the mineral kingdom, was known to the 
ancients (though not in a state of purity) under the names of 
vfl^ov and nitTum.\ 

It is found in large quantity combined with carbonic acid in 
Egyp,t-^ul some other parts of Africa, and combined with 
nitric acid in Peru ; but the great source from which it is pro- 
cured is common salt, which exists in vast quantity dissolved in 
the waters of the ocean, and constitutes thick beds deposited 
usually in the nexo red sandstone formation. Common salt is 
a chloride of Sodium, and the soda of commerce which is now 
used in such quantitips in Grea| Britain, is all extracted from 
common salt. The usual process is to convert the common 
salt into sulphate of soda by means of sulphuric acid. The 
sulphate of soda is heated with saw-dust or small coal, which 
reduces the salt to sulphuret of sodium.^ This sulphuret of 
sodium is heated in a furnace along with saw-dust, the sulphur 
gradually makes its escape, the sodium is oxidized and com- 
bines with the carbonic acid evolved. The matter is now 
digested in water, which is boiled down to the requisite con- 
sistency, and then allowed to crystallize in large flat iron ves- 

* Ann. de Mines, vi. 127. 

•f Klaproth called it natron, and the German and Swedish chemists have 
followed his example. 

J The Xfljov of the Athenians was evidently the same substance ; and so 
was the nnJ of the Heb''ews. 

§ There are strong reasons for believing that during this part of the pro- 
cess, considerable quantitids of sodium are driven oiT and lost. This I pre- 
sume is the cause of the very considerable deficiency of the soda which a 
given weight of common salt ought to yield. 
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sels. The crystals are redissolved in water, and purified by 
a second crystallization. The carbonate of soda thus obtained 
is in large white crystals, and is a compound of 

1 atom carbonic acid . . 2*75 

0 

1 atom soda ? . . 4* 

10 atoms water • . . 11*25^ 

18- 

It is never quite free from sulphate of soda; but the quantity 
present is smajl. Two hundred parts of the salt usually con- 
tain about 1 part of sulphuric adid. 

Carbonate of soda was originally 6btained from the ashes of 
different species of the salsola, a genus of plants which grow 
upon the sea-shore, especially from the salsola soda, from which 
the alkali has obtained its name. This impure soda is also called 
barilla, because the plant from which it is obtained bears tliat 
name in Spain. Almost all the algae, especially the fuci, con- 
tain also a considerable quanti^ of soda. The ashes of these 
plants are known in this country by the name of kelp; id*?rance 
they are called varec. 

Soda and potash resemble each other so nearly that they 
were confounded together till Du Hamel published his disser- 
tation on common salt in the Memoirs of the French Academy 
for 1736. He first proved that the base of common salt is soda, 
and that soda is different from •potash. His conclusions were 
objected to by Pott, but finally confirmed by Margraffin 1758.* 

Soda may be obtained from its carbonate in the state of 
hydrate by the very same process as potash. It has a grayish- 
white colour, and agrees exactly with potash in its taste, smell, 
and action upon animal bodies. 

Heat produces on it exactly the same effects as upon potash. 
When exposed to the air, it absorbs moisture and carbonic 
acid, and is soon reduced to the consistence of paste; but it 
does not liquefy like potash; in a few daysjt becomes dry again, 
and crumbles into powder. 

Many contradictory opinions respecting the component parts 
of soda were advanced by different chemists. At last, in 1808, 
Sir Humphry Davy succeeded in decomposing it, by the same 
process which enabled him to obtain the basis of potash. Like 
tliat alkali its basis is a metal, and Davy ^tinguished it by 
the name of sodium.^ * 

* Opusc. ii. 331. 

•f The German and Swedish chemists call it natrium or natron. 
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Davy published a full account of its properties soon after its 
discovery.* Gray-Lussac and Thenard succeeded in procuring' 
it in large quantities by the process described in the last section 
for obtaining potassium. They likewise examined its proper- 
ties in detail, and published an elaborate account of them.t 
Berzeliu^ made a set of very careful experiments in order to 
determine the proportions in which it combines with oxygen. J 
It is not so easy to obtain sodium by the process of Gay- 
Lussac and Thenard as it is to obtain potassium. Thenard 
informs us that the process is greatly faciUteted by fusing in 
the first place the hydrate of s'6da with a little hydrate of pot- 
ash ; and the sodium when obtained is easily freed from the 
potassium by keeping it for some days in an open vessel, under 
a layer of rectified oil of turpentine or naphtha, which dissolves 
the potassium, but leaves the sodium untouched. Herman 
assures us, that if we employ tartrate of soda we may obtain 
sodium by Brunner’s process with as much facility as potassium 
from cream of tartar. ^ 

Sodtifth is a white metal, having a colour intermediate between 
that of silver and lead. At the common temperature of the air 
it is solid and very malleable, and so soft that pieces of it may 
be welded together by strong pressure. It retains its softness 
and malleability at the temperature of 32°. It is an excellent 
conductor of electricity. Its specific gravity is 0*97223.^ It 
melts when heated to the temperature of 194°, H and requires a 
much higher temperature to be volatilized than potash. Davy 
found it to remain fixed at a heat which melted plate glass. 

II. Its aflSnity for oxygen is similar to that of potassium. 
When exposed to the ,air it speedily is converted on the surface 
to soda. As soda deliquesces mxiich more slowly than potash, 
a globule of sodium is not so soon destroyed by exposure to the 
atmosphere as a globule of potassium. When put into water 
that liquid is rapidly decomposed ; its hydrogen escapes in the 
state of gas while its oxygen converts the sodium into soda. 
When thrown upon water it does not take fire as potassium 
does. This Serullas ascribes to its gfreat mobility compared 
to that of potassium. And he says that if sodium be placed in 
contact with a little water, thickened by gum, it is then 

t' 

* Phil, Trans, 1806f, p, i. f Recherches Physico*chiiniques, i. 97. 

t Ann. de Chim. Ixxx. ^24*5. 

§ By the experiments of Gay-Lussac and Thenard* Davy makes it 
0*9348. But his experiment was on a very minute scale* 

II Gay-Lussac and Thenard. 
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arrested, and enough of heat is speedily generated to set the Famsy i. 
sodium on fire. Sodium burns with a yellowish flame, while that ^°**’^** 
of potassium is reddish.* When a piece of sodium is thrown 
on mercury, Serullas assures us that it is thrown off occasionally 
by a small explosion, accompanied by the evolution of heat and 
light, while nothing similar to this happens with po^sium^. 

Sodium forms the same number of compounds with oxygen 
that potassium does. 

1. The suboxide is obtained in the same way as the suboxide 
of potassium^ w]^h it resembles exactly in its characters, and 
the same uncertainty exists whether it be a chemical compound, 
or a mixture of sodium and soda. * 

2. Soda is formed when the metal is brought in contact with soda, 
water. From the experiments of Gay-Lussac and Thenard, 

it appears that 38*394 gfains of sodium, when converted into 
soda by decomposing water, occasion the evolution of a quan- 
tity of hydrogen gas, which, at the temperature of 60°, and 
when the barometer stands^ at 29*882 inches, amounts to 
76*437 cubic inches.f Therefore, supposing the bafianeter at 
30 inches, the amount would be 76*14 cubic inches. Conse- 
quently 100 grains of sodium would cause the evolution of 
198*30 cubic inches of hydrogen gas. The quantity of oxygen 
which united to the sodium to convert it into soda must have 
been equivalent to 99* 1 5 cubic inches, amounting in weight to 
34*295 grains. According to these datai^ soda is composed of 
Sodium . . 100 

Oxygen * . . * 34*295 

Berzelius found that 100 sodium, when converted into soda, 
combine with 34*61 parts of oxygen^:!; which he afterwards 
corrected into 34*52.§ Davy says, that from a careful set of 
experiments which he made on the subject, he found soda a 
compound of from 75 to 73 sodium, and from 25 to 27 oxygen- H 
Now the mean of the experiments of Gay-Lussac and Thenard, 
and of those of Berzelius, give 34*4 as t,|>e*quantity of oxygen ; 
while one of Davy’s results is 33^. I think, therefore, we 
cannot hesitate to conclude that sodium, in order to be con- 
verted into soda, must combine with exactly one-third of its 
weight of oxygen. Hence soda is composed of 
Sodiitm . 100 

Oxygen . . §3*3 

• 

* Ann. de Chim. et de Phys. xl. 329. 

f Recherches Physico-chimiques, i. 121. i Ann. de Chim. Ixxx. 251. 

§ Annals of Philoso|;>by 9 iii. 360. || Ann, de Chim. Ixxx. 251. 
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If we consider soda as a compound of 1 atom sodium and 1 
atom oxygen, the weight of an atom of sodium will be 3, and 
the weight of an atom of soda 4. 

Pure soda has a gray^ colour, is a non-conductor of electri- 
city, has a vitreous fracture, and? requires a strong red heat to 
me^t it. ^hen a little water is added the soda combines with 
it rapidly, evolving considerable heat ; it becomes at the same 
time white, crystallized in its texture, and much more fusible 
than formerly. In this state it is a hydrate of soda, which, 
when pure, is a compound of 1 atom soda ai^nj, ] atom water, 
or is composed by W’^eight of 

Soda . . ” 4 . . 100 

Water . . 1*125 . . 28*1 

D’Arcet’s analysis gives us the hydrate of soda composed of 
100 soda -f- 38*8 water,* while that of Berard gives its com- 
position 100 soda + 23*2 water. f Now the mean of these 
two gives 100 soda -4-31 water, which differs as little as can 
well be expected from the theoretic number, when we consider 
the strdftg tendency that soda has to unite with more water. 
It dissolves very readily in water, and may be obtained in 
crystals by evaporating the aqueous solution. 

The following table by Dalton exhibits the weight of soda 
contained in aqueous solutions of different specific gravities ; 


Sp. gravity. 

Soda 
per cenc.t 

Boiling 

point. 

gravity. 

Soda 
per cent. 

Boiling 

point. 

2*00 

77*8 


1*40 

, 29*0 

242° 

1*85 

63*6 

600° 

1*36 

260 

335 

1*72 

53*8 

400 

1*32 

23*0 

228 

1*63 

46*6 

300 

1*29 

19*0 

224 

1*56 

41*2 

280 

1^23 

16*0 

220 

1*50 

36*8 

265 

1*18 

13*0 

217 

1*47 

34*0 

255 

1*12 

9*0 

214 

1*44 

31 

298 

1*06 

4*7 

213 


3. The peroxide of sodium was discovered by Gay-Lussac 
and Thenard. It is easily formed by heating sodium in oxygen 
gas. It burns with great splendour, and combines with a 
maximum of oxygen. 

The peroxide of sodium, when pure, is of a dirty greenish 
yellow colour. It ii^, fusible when heated, but requires a much 
higher temperature than the peroxide of potassium for its fusion. 
When introduced into water, it is reduced to soda, giving out 
the excess of oxygen which it contains. From the experiments 
* Ann. de China. IxviiL 175^ and Ixxi. 20. Ann. de China. Ixxii. 96. 
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of Gay-Luasao and Thenai^ it appears*^ that sodium in the 

peroxide is united with 1^ times as much oxygen as in soda.* 

Hence it is composed of 

1 atom sodium . . 3 

S 

atom oxygen • . . 1*5 

4*5 

III. Chlorine and sodium unite with great energy, forming chloride. 
cJtloride of sodium. 

When sodiunws introduced into chlorine gas, it takes fire 
spontaneously ana burns vividly, emitting bright red sparks. 

The substance formed is chloride of SMiium. It may be formed 
likewise, by passing a current of chlorine gas over soda, pre- 
viously heated to redness. The soda gives out its oxygen in 
the state of gas, and is concerted into a chloride.^ It is com- 
posed of 

1 atom chlorine . . 4*5 

1 atom sodium ^ . . 3 

7*5 

It has been long known under the name of common saU^ and 
will be described in a subsequent part of this work, as will also 
the bromide and iodide of sodium, which also ^possess the 
characters of salts. 

IV. The combinations of sodium with carbon, boron, silicon, 
phosphorus, sulphur, selenium, &c. are so similar to the com- 
pounds of the same bodies with potassium that it seems unne- 
cessary to enter into any details respecting them. 

V. Sodium unites with arsenic when placed in contact with Aneniet* 
it, and raised to a cherry-red iieat. A feeble light is emitted 

at the moment of combination. An alloy of 1 volume uodium 
and 3 volumes of arsenic has a grayish white colour, is.biittle, 
is fine granular, and has a strong taste. It if^^ipidly decom- 
posed in the open air. When put into wcier it is soon sepa- 
rated into soda and a brown powder which is a hydret of 
arsenic. Some hydrogen gas, likewise, makes its escape. An 
alloy of 2 volumes sodium and 1 volume arsenic has a brown 
colour and earthy aspect without any metallic lustn^. Water 
produces on it the same ' effects as upon thp last-mentioned 
alloy.J 


* Recherches Phymco-chioiiques, i. 158. f Qsvy. 

t lUcherches Pbyaico-chimiqueB, i« 844. 

2 £ 
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The alloy of sodium and antimony is very similar to that of 
potassium and antimony. 

No experiments have been made to determine the nature of 
the alloys which sodipm may form with chromium, uranium, 
molybdenum, tungsten, columbimn, and titanium. 

SECTION III. OF LITHIUM. 

In the mine of Uto in Sweden there occurs a mineral which 
was first distinguished by D’ Andrada, under the name of 
Petalite; but which, though known to mineialogists for several 
years, has only lately attracted the attention of chemists. 

1. This mineral has never been found crystallized; but a 
twofold cleavage may be observed in it parallel to the faces 
of a rhomboidal prism. One of these cleavages is splendent, 
and the other dull. The two diagonals of a rhomboidal face 
are, according to Haliy, to each other as -v/S; conse- 

quently the opposite angles are 137° 8^, and 42° 52'.* Its 
colour, is white with a very faiijit tinge of red, or blue, or green. 
Its longitudinal fracture is foliated, the cross fracture small 
conchoidal, or sometimes fibrous. Its external lustre approaches 
the pearly ; but internally the lustre is nearly vitreous. Its 
specific gravity, according to Arvedson, is 2*42. It is translu- 
cent, and yi thin pieces nearly transparent; and it refracts 
singly at least when the object is seen through parallel faces 
of the mineral. It# hardness Seems to be very nearly the same 
as that of felspar. It readily scratches glass. Felspar is not 
capable of scratching it. Before the blow-pipe its fusibility is 
nearly the same as that of adularia. The glass when completely 
fused is. transparent, interspersed with small air-bubbles. It 
melts into a colourless glass with borax. And when digested 
in acids, it is partly decomposed. This mineral drew the atten- 
tion of. Arvedson, a pupil of Berzelius, who found it composed 
of silica, alumina, and an alkali. A loss of weight, which took 
place in three sevsral analyses, induced him to examine the 
nature of this alkali. He found its properties peculiar, and, 
at the suggestion of Berzelius, distinguished it by the name of 

There are several other minerals in which this alkali is 
foimd, though always in small quahtity. Spodumsm is the 
most productive; though even in that mineral the quantity 

* Ann. de Chim. et de Phys. x. 84. 

f From a stone. See his experiments, Kongl. Yetensk. Acad. 

Hand], 1818, p. 23. Omelin’s experiments are in Oilbert’s Annalen, Ixii. 403. 
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does not amount to 8 per cent. It ejists also in amhligonitet Family i. 

which is a double phosphate of alumina and lithia. The tovr- 

maline likewise contains it, and also the variety of mica .<»lied 
lepidolite. Dr. Turner has observed that its presence may be, 
discovered by the blow-pipe, bjt mixing *the assay with a Uttle 
fluor spar, or with bisulphate of potash and fluor spar pounded 
together. The lithia is disengaged, and tinges the flame of a 
tallow candle red.* 

•The easiest method of extracting the lithia from any of these Extracuon. 
minerals (except ambligonite) is to mix the mineral (previously 
reduced to a fine powder) with {p quantity of fluor spar, also in 
fine powder equal to 2^ times the uTeight of the silica which 
the mineral contains. This mixture is put into a silver crucible, 
and made up into a paste with sulphuric acid. It is then heated 
at first gently, and when the greatest part of the fluosilicic acid 
has made its escape, the heat is to be raised to redness to drive 
off all excess of sulphuric acid, and to decompose the sulphate 
of alumina. The dry mass being now lixiviated with water, a 
solution of sulphate of lithia will be obtained, mixed *with a 
little sulphate of lime. The sulphate of lime may be separated 
by careful evaporation and crystallization, or the lime may be 
thrown down at once by oxalate of ammonia. Should the 
sulphate of alumina not have been decomposed by the heat, 
the alumina may be thrown down by digesting the liquid with 
carbonate of lime, and the sulphate, of lithia obtained in a state 
of purity. The lithia may be thrown down from this' sulphate 
in the state of carbonate liy iheans of'carbonate of ammonia or 
carbonate of soda. We must not use carbonate of potash, 
otherwise the lithia will be contaminated with that alkali, 
which has the property of fo»ming double salts with lithia. 

Or we may separate the sulphuric acid by adding barytes 
water, taking care to avoid all excess. The liquid being filtered 
and evaporated to dryness, we obtain the lithia in the state of 
an hydrate. 

II. Lithia thus obtained has a white colour, converts vegetable Propenietof 
blues to green, and has a taste fully as caustic as that of pot 9 sh 
itself. At a red heat it melts and becomes a transparent liquid. 

W^hen exposed to the air it does not attract moisture, like 
potash j but remains dry. But it gradually absorbs carbonic 
acid, and is converted into a carbonate. It is but little soluble 
in water, compared with pot^h or soda^ though the exact degree 

* Annals of Philosophy (2d series), xi* 131. 



420 < 


SIMPLE ALKALIFIABLE BASES. 


Cbap. III. 


Lithium. 


Atomic 

weight. 


of solubljity has not beei^ascertained. Gmelin found it scarcely 
soluble In alcohol of the specific g^vity 0*85, and when alcohol 
is added to an aqueous solution, the lithia precipitates after 
an interval of some hours. When heated in a platinum cru- 
cible, it acts with considerable.energy upon that metal. 

Sir Humphry Davy succeeded by means of a Voltaic battery 
in extracting from lithia its metallic basis. He found it to bear 
a strong resemblance to the other alkaline metals, especially to 
sodium; to which it appears to be the most nearly allied. 
Both Arvedson and Gmelin tried this reduction by means of 
galvanism, but without success. ^ 

The experiments of' Arvedson,* Gmelin,f Vauquelin,^ 
Stromeyer,^ and my own,|| to determine the atomic weight 
of lithia, were inaccurate, and the error was the same in all, 
indicating that it proceeded in all from the same cause. This 
cause has been recently pointed out by M. R. Hermann of 
Moscow. It proceeded from the circumstance that the lithia 
analyzed was not pure, but in the state of a double salt from the 
presence of potash. Hermann prepared a quantity of pure 
carbonate of lithia by precipitating it from the sulphate or 
muriate, by means of carbonate of ammonia and carbonate of 
soda ; both of which threw down the lithia in the state of a pure 
carbonate. In two successive experiments he obtained the com- 
position of neutral carbonate of lithia as follows : 

Carbonic acid « . . v 60*98 . . 61 

Lithia . . 39-02 . . . 3911 


100-00 100 

If we consider this salt as a compound of one atom carbonic acid 
and one atom lithia, the preceding analysis gives us the atomic 
weight of lithia 1-758. For 61:39:: 2-75 (atom of carbonic 
acid) : 1-758 = atom of lithia. 

Hermann also analyzed sulphate of lithia, and found the 
constituents to be ^ 

Sulphuric acid . . 74 

Lithia ... 26 - 


100 ** 

This gives us 1*7567 for the atomic weight of lithia. 

r 

• Kongl. Vet. Acad. Handl. 23. 

Gilbert’s Annalen, Ixii. 405. t Ann. de Chim. et de Phys. vii. 287. 

§ Untersuchungen, i. 435. |i First Principles, i. 265. 

f Poggendorf ’s Annalen. xv. 481. ** Ibid. p. 482. 
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He analyzed also the chloride of lithium, which he found a i. 
compound of 

Chlorine . . 86*34 

Lithium . 14*66 

100 * 00 * 

This gives 0*8571 for the atomic weight of lithium. There 
(^n be no doubt, from a comparison of these analyses, that 
lithia is a compound of 1 atom lithium and 1 atom oxygen. 

The mean of the three analyses g^ves us 0*79 for the atomic 
weight of lithium, and 1*79 for the atomic weight of lithia. 

But if we take the analyses of the carbonate and sulphate as 
likely to be most exact, then the atomic weight of lithium will 
be 0*75, and that of lithia 1*75. 

Berzelius repeated the analyses of Hermann with a quantity 
of tlie carbonate of lithia sent him by that chemist. He has 
not given us the experiments, but merely informs us that he 
found lithia a compound of , 

Lithium . . 44*846 or 100 

Oxygen . . 65*154 or 123 

loot 

This would make the atomic weight of lithium 0*813, and that 
of lithia 1*813. These different analyses leave it doubtful 
whether the atomic weight of lithium ‘be 0*75 or 0*875. 
Meanwhile we cannot be far from the truth if we assume 0*75 
as the atomic weight of lithium, and 1*75 as the atom of lithia. 

It is, therefore, by far the lightest of all the alkaline bases. 

Lithium combines with chlorine, an|l forms a compound cworide. 
which may be called a chlofide of lithium. It has not been 
formed directly, but may be obtained by saturating lithia with 
muriatic acid, evaporating the solution to, dryness and exposing 
the dry salt to heat while the air is excluded. The muriate of 
lithia does not crystallize, but forms a ci;ust. It deliquesces 
very rapidly when exposed to the air. When heated, it melts 
at a very low temperature. The chloride when exposed to the 
air speedily attracts moisture. 

The compounds of lithium with bromine, iodine, hydrogen, 
azote, carbon, boron, Silicon, phosphorus, selenium, and’ the 
metals have not been hitherto examined. The sulphate of 
lithia may be converted into sulphuret of lithium by means of 

* PoggendorPs Annalen. p. 484. t Chimie. ii. 319. 
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hydrogen gas, precisely as sulphate of potash. When reduced 
to a sulphur et by means of an excess of charcoal, it is a power- 
ful pyrophorus. 

SECTION IV.-^OP BABIUM. 

(Barytes was discovered by Scheele in 1774; and the first 
account of its properties published by him in his Dissertation 
on Manganese.* There is a very heavy mineral, most fr^ 
quently of a flesh colour, of a foliated texture and brittle, very 
common in Britain and most other countries, especially in 
copper mines. It was known by the name of ponderous spar, and 
was supposed to be a compound of sulphuric acid and lime. 
Ghihn analyzed this mineral in 1775, and disco veered that it is 
composed of sulphuric acid and the new earth discovered by 
Scheele.f Scheele published an account, of the method of 
obtaining this earth from ponderous spar.:]; The experiments 
of these chemists were confirmed by Bergman, § who gave the 
earth the name of terra ponderof^a. Morveau gave it the name 
of harote, and Kirwan of barytes ; || which last was approved 
of by Bergman,^ and is now universally adopted. Dilfcrent 
processes for obtaining barytes wore published by Scheele, 
Bergman, Wiegleb, and Afswelius ; but little addition was 
made to the properties ascertained by the original discoverer, 
till Dr. Hope published his experiments in 1793.** In 1797, 
our knowledge of it^ nature walfe still farther extended by the 
experiments of Pelletier, Fourcroy, a;id Vauquelin.ff 

Barytes may be obtained from ponderous spar, or sulphate 
of barytes, as it is now called, by the following process, for 
which we are indebted, to Scheele and Vauquelin. Reduce the 
mineral to a fine powder; mix it 'with tlie eighth part of its 
weight of charcoal powder, and keep it for some time red-hot 
in a crucible, and it will be converted into sulphuret of bary- 
tes. Dissolve the sulphuret in water, and pour nitric acid into 
the solution, and the*sulphur will be precipitated. The solu- 
tion, which consists of nitric acid combined with barytes, is to 
be filtered and evaporated slowly till it crystallizes. Put the 
crystals into a crucible, and expose them gradually to a strong 

* Scheele, i> 61 and, 78; French Translation! 
f Bergman’s Notes on Scheffer, § 167. p. 194. 
t Crell’s Annals, ilL 3. Eng. Trans. § Opus. hi. 291. 

II From heavy. Opusc. iv. 261. 

** Edin. Trans, iv. 36. ft Ann. de Chim. xxi. 113 and 276. 
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heat ; the nitric acid is driven off, and the barytes remains m i. 

. . r » Sect IV. 

a state of purity.* 

Another method, attended with less expense, was pointed 
out long ago by Dr. Hope, and afterwards improved by Pel- 
letier. The method is this ; !pecompoSe the sulphate of bary- 
tes by heating it strongly along with charcoal powder. The 
product is to be treated with water to dissolve every thing that 
is soluble ; and the liquid, being filtered, is to be mixed with 
d solution of carbonate of soda. A white powder falls. W^ash 
this powder, make it up into balls with charcoal, and heat it 
strongly in a crucible. When these balls are treated with 
boiling water, a portion of barytes is dissolved, which crystal- 
lizes as the water cools. 

Barytes obtained by the first method is a grayish-white ^ari^r» of 
porous body, which may he very easily reduced to powder. It 
has a harsh and more caustic taste than lime ; and when taken 
into the stomach proves a most violent poison. It has no per-* 
ceptible smell. It tinges vegetable blues green, and decom- 
poses animal bodies like thd fixed alkalies, though .not with 
such energy. 

Its specific gravity, according to Fourcroy,f is 4; but 
according to Hassenfratz only 2*374.J But there is reason to 
conclude, from the method employed by this philosopher, that 
the specific gravities which he assigns are all too low. 

When lieated it becomes h^irder, aiul acquires internally a 
bluish-green shade. When exposed to the blow-pipe on a 
piece of charcoal, it fu^es, bubbles vip, and runs into globules, 
which quickly penetrate the charcoal.§ This is probably in 
consequence of containing water, for Lavoisier found barytes 
not affected by the strongest heat which he could produce. 

Gehlen and Bucholz have ascertained that when crystals of 
barytes are exposed to heat, they speedily melt and give out 
water. When the heat is raised to redness they again undergo 
fusion, and assume the appearance of an oil. But this expe- 
riment does not succeed with barytes, olvtained from the nitrate, 
by Vauquelin’s process. This difference, they showed, is not 
owing to the presence of carbonic acid, or of any earthy matter 

from the crucible in the barytes from the nitrate. |1 The fusi- 

• 

* When thus prepared, it always contains about 0*08 of carbonate of 
barytes, and sometimes much more. 

• t Fourcroy, ii. 189. \ Ann. de Chini. xxviii. 11. 

§ Fourcroy and Yauquelin, Ann. de Chim. xxi. 276. 

II Gehlen’ s Journal fur die Chimie, Physik und Mineralogie,nv. 258. 
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bility, in the first case is owing to the barytes retaining a por- 
' tion of water.* 

It had been suspected, by Beigman, that barytes was a 
metallic oxide.f But no attempts to detect its supposed metal- 
lic basis were attended* with any success, till after the analysis 
of potash and soda, by Davy, in 1808. This immediately led 
to«the id^fa that all the earths were likewise metallic oxides. 
Berzelius and Pontin first succeeded in decomposing barytes, 
by exposing a globule of naercury to the action of negativb 
electricity, while placed upon moistened barytes on a platinum 
plate ; an amalgam of the metaJ of barytes was formed. Davy 
repeated these experiments, and by distilling the amalgam, 
succeeded in obtaining small quantities of the metal of barytes, 
to which he gave the name of barium. 

Barium, thus obtained, is a solid metal of the colour of sil- 
ver, it melts ‘at a temperature below redness, and is not vola- 
talized by a heat capable of melting plate glass, but at tliat 
temperature it acts violently upon the glass ; probably decom- 
posing Jlie alkali of the glass. 'When exposed to the air it 
rapidly tarnishes, absorbs oxygen, and is converted into ba- 
rytes. It sinks rapidly in water, and seems to be at least four 
or five times heavier than that liquid. It decomposes water 
with great rapidity ; hydrogen is emitted, and it is converted 
into barytes. When strongly pressed it becomes flat, and hence 
appears to be both du/;tile and njalleable. 

II. From the experiments of Gay-Lussac and Thenard, we 
learn that barium combines with tt/o proportions of oxygen, 
forming two oxides which have been called barytes and perox- 
ide of barium. 

1. Barytes j&tlie substance formed when barium is put into 
water. It has been known since the year 1774, and is found 
abundantly in the^ mineral kingdom, combined sometimes 
with carbonic acid, but much more frequently with sulphuric 
acid. 

Barytes is a grayisli white substance, having an acrid and 
alkaline taste, rendering vegetable blues green, and acting as 
a virulent poison. 

When exposed tb the air, it immediately attracts moisture ; 
in consequence of which it swells, heat' is evolved, and the 
barytes falls to a.,whlt^ powder, just as happens to quicklime 

* This I think IbllbwS evidently from the experiments of Gay-Lussac and 
Thenard. ,8ee Recherches Pfijaico-chimiques, i. 170. 

.. f Opusc. iv. 212. 
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when water is sprinkled on it.* After the barytes is thus 
slacked^ it gradusdly attracts carbonic add, and loses its acrid 
properties, its weight being increased 0*22.*|- It cannot, there- 
fore, be kept pure except in close vessels. 

When a little water is poured upon barytes, it is slacked 
like quicklime, but more rapidly, and with the evolution of 
more heat. The mass becomes white, and swells consideralffly. 

If the quantity of water be sufficient to dilute it completely, 
the barytes crystallizes in cooling, and assumes the appearance 
of a stone composed of needle-form crystals ; but when exposed 
to the air, it gradually attracts cA’bonic acid, and falls topowder.^: 

Water is capable of dissolving 0*05 parts of its weight of Hydrates 
barytes. This solution, which is known by the name of barytes 
water .i is limpid and colourless, has an acrid taste, and converts 
vegetable blues first to a gteen and then destroys them. When 
exposed to the air, its surface is soon covered with a stony^ 
crust, consisting of the barytes combined with carbonic acid. 

Boiling water dissolves more than half its weight of barytes. 

As the solution cools, the barytes is deposited in crysfals ; the 
shape of which varies according to the rapidity with which 
they have been formed. When most regular, they are flat 
hexagonal prisms, having two broad sides, with two intervening 
narrow ones, and terminated at each end by a four-sided pyra- 
mid, which in some instances constitutes the larger part of the 
crystal. When formed slowly, they ane distinct and large; 
but when the water is saturated with barytes, they are depo- 
sited rapidly, and are gen*erally m*ore slender and delicat^. 

Then, too, they are attached to one another in such a manner 
as to assume a beautiful foliacious appearancp, not unlike the 
leaf of a fern.§ 

These crystals are transparent and colourless, and appear to 
be composed of about 53 parts of water and 47 of barytes. 

When exposed to the heat of boiling water, they undergo the 
watery fusion ; that is to say, the watejr which they contain 
becomes sufficient to keep the barytes in solution. A stronger 
heat drives off part of the water, but not the whole. When 
exposed to the air, they attract carbonic acid, and crumble into 
dust. They are soluble in 17^ parts of water at the tempera- 
ture of 60“ ; but boiling water dissolves anjr quantity whatever : 

* Fourcroy and Vauquelin, Ann. de Chim. ii. 59. 

+ Mem. de Tlnstitut. li. 59. \ Fourcroy, ii. 193. 

§ Hope, Edin. Trans, iv. 36. 



426 


Chap.!!! 


Atomic 

weight. 


SIMPLE ALKALIFIABLE BASES. 

the reason of whicl^s evident; at that temperature their own 
water of crystallizanKW is sufficient to keep them in solution.* 
It was observed by Bucholz and Gehlen that when the crys- 
tals of barytes are exposed to heat, they readily melt in their 
water of crystallization.'' As this water evaporates the barytes 
is reduced to a dry mass. This mass again melts when heated 
to redness and flows like an oil. But barytes procured from 
the nitrate of that earth by heat is infusible in the strongest 
heat that can be raised in our furnaces.t The reason of thfe 
diflerence is that the barytes obtained by heat from the crystals 
is in the state of hydrate^ while the earth from the nitrate is 
free from water. From the experiments of Dalton, it appears, 
that water combines in at least 3 proportions with barytes, and 
forms 3 solid hydrates. 

Barytes. i Water. 

1st composed of 1 atom + 1 atom. 

2d 1-1-5 

3d 1+20 

The first is formed by exposing crystallized barytes to a 
strong red heat ; the second by reducing the crystals to a dry 
powder by heat ; and the third consists of crystallized barytes. J 
Mr. Barry has observed that when concentrated sulphuric 
acid is poured upon caustic barytes, ignition ensues.§ 

I had from® a set of experiments in which dry chloride of 
barium was decompQsed by sulphate of potash, inferred that 
the atomic weight of barytes was 9*75. The conclusion 
was founded upon this experimeirt, 1‘3*25 grains of chloride 
of barium were mixed with 1 1 grains of sulphate of potash, 
both in solution, and it was found that after the sulphate 
of barytes had precipi'tated, the" ivesidual liquid contained no 
sensible quantity of sulphuric acid or of barytes. Berzelius, 
in the third volume of his Larbok i Kemien, stated that when 
these proportions were used, there always remained an excess 
of barytes. I requested several of my practical pupils to 
repeat the experiment without mentioning my object, and they 
all gave me the same proportions of the two salts that I had 
previously stated. I was induced in April, 1828, to try the 
.experiment anew, and for this purpose prepared a quantity of 
pure chloride of barium, and of sulphate of potash. After 
repejiting the experiment about 30 times, varied in every pos- 
• Hope, Edin. Trans, iv. 36. ♦ 

f Gehlen’s Journal fiir die.Chemie, Physik iind Mineralogie, iv. 238. 

% New System of Chemical Philosophy, ii. 322. 

§ Annals of Philosophy (2d series), ii. 77. 



BARIUM. 


427 


sible way, I found myself quite unable to determine the exact 
proportions of the two salts which decompose each other. 
There was no difficulty in finding the proportions, which, when 
mixed together, leave no sensible residue of sulphuric acid and 
barytes in solution. But whon I attempted to collect the suIt, 
phate of barytes and chloride of potassium, I never /ound the 
quantities to agree in any two consecutive experiments. Sus- 
jiecting that the method of using double filters might be the 
cause of the uncertainty, I substituted single filters of Indian 
paper, whicli,were finally burnt in platinum crucibles.* I was 
therefore obliged to give up fhe attempt of determining the 
atomic weight of barytes by this* method. Dr. Turner has 
since explained the cause of this failure, which, indeed, I sus- 
pected at the time. It is owing to a portion of the sulphate of 
potash adhering obstinately to the sulphate of barytes, and 
thus escaping decomposition.f Foiled in this, I substitutejJ 
sulphate of ammonia, and afterwards sulphuric acid. By mix- 
ing a solution, containing a given weight of chloride of barium 
with an excess of sulphate of ammonia or of sulphuric acid, 
evaporating to dryness, and then exposing the residual salt to a 
strong red heat, I succeeded in determining the weight of sul- 
phate of barytes, which is the equivalent for a given weight of 
chloride of barium. The same weight of chloride of barium 
was afterwards decomposed by nitrate of silver, and the weight 
of chlorine determined from my old dataf that chloride of silver 
is a compound of 

Silver ' * . *. 13-75 

Chlorine . . 4-5 


18-25 

Tlie result of these trials (which occupied me for several weeks) 
was that sulphate of barytes is a compound of 
Sulphuric acid . . 5 

Barytes . . . * 9-5006 

Now as 5 is the atomic weight of sulphuric acid, it is clear 
that 9-5 must be the atomic weight of barytes.:f 

From the experiments of Davy on the chloride of barium, 

* The same w^ght of India paper leaves almost exactly the same weight 
of ashes. On that account I sometimes employ it in delicate experiments, 
when a double filter is not sufficiently accurate for the object in view. 

-j- Phil. Trans. 1829. • . 

These experiments of mine are confirmed by those of M. de Saussure,' 
(published a few weeks ago), 'which certainly do not difier so much as 
part from mine. See Ann. de Chim. et de Phys. xliv. 85< 
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it is obvious that barytes is a compound of 1 atom barium -|- 
1 atom oxygen. Consequently the atomic weight of barium 
must be 8*5. 

2. Gay-Lussac and Tlienard found that when dry barium 
from nitrate of barytes, or from the carbonate of barytes, decom- 
posed by .charcoal, is heated in oxygen gas ; it absorbs that 
gas with great rapidity. The peroxide formed is gray. It 
gives out its excess of oxygen when put into an acid liquid. 
W^hen heated in hydrogen gas the hydrogen is absorbed and 
water formed, which remains united to the barytas.* 

It may be formed also by pas'sing a current of dry oxygen 
over red-hot barytes as long as it continues to absorb that 
gas. When pulverized and put into water, it is converted 
into a hydrate without the evolution of any heat. It is then a 
snow-white powder. The peroxide of barium is not decom- 
posed by exposure to a red heat, but it is decomposed by boil- 
ing water. Thenard has shown that when nitrate of manga- 
nese, copper, &c. are mixed with the hydrated peroxide of 
barytes, the metallic bases are peroxidized. It was by means 
of peroxide of barium tliat Thenard succeeded in forming deut- 


oxide of hydrogen. 

According to Thenard peroxide of barium is a compound of 

1 atom barium . . 

8*5 

2 atoms oxygen 

< 

2 

and its atomic weight is 10*5. ' 

10*5 


III. The chloride, bromide, and iodide of barium, possess the 
characters of salts. They will fall to be described in the second 
volume of this work. 


IV. Nothing is known respecting the compounds which 
barium may be capable of forming with hydrogen, carbon, 
boron, or silicon. 

V. When vapour o^ phosphorus is made to pass over barytes 
heated to redness, a portion of the phosphorus is acidified, and 
combines with a portion of the barytes. The barytes thus 
reduced to the metallic state combines with phosphorus and 
forms a phosphuret of barium. The colour of this phosphuret 
is dark brown, and its lustre almost metallic. This phosphuret 
is decomposed by exposure to a strong heat. It is decomposed 
also by water, phosphuretted hydrogen gas being evolved, and 
hydrophosphite of barytes formed, as M. Dulong first dis- 

* Recherches Physico-chimiques, i. 169. * 
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covered. M. Dumas found tliat when 74*04 parts of barytes 
were thus converted into phosphuret, the weight became 100.* 
Now if we suppose 3^ atoms of barytes, and that 2^ atoms part 
with their oxygen to convert an atom of phosphorus into phos- 
phoric acid, which unites with the atom of barytes that remains 
unaltered, while every atom of barium unites with two atoms 
of phosphorus, the result will agree nearly with the eiiperiment 
of Dumas. For 

3*5 atoms barytes = 33*25 

1 atom phosphorus 7 _ 

2^ atom! oxygen 5 
1 atom barytes = 9*5k 


4*5 phosphoric acid, 


Family X. 
Sect IV. 


14 phosphate of barytes, 
2*5 atoms barium • = 21*25 
5 atoms phosphorus = 10*0 


. 31*25 biphosphuret of barium. 

Barytes . . 33*25 

Phosphuretand phosphate 45*25 

Now 33*25 : 45*25 : : 74*04 : 100*76 ; numbers which come 
exceedingly near those of Dumas, since the difference does 
not amount to 1 per cent. There seems no reason to doubt, 
then, that in this process there are formed « 

2*5 atoms biphosphuret of barium ^ . . 31*25 

1 atom phosphate of barytes . . . 14 

So that somewhat less ‘than -fths of the whole is biphosphiiret 
of barium, and somewhat more than f^ths phosphate of barytes. 

VI. Barium, like potassium, combines with sulphur in various suiphureu. 
proportions ; but the cons^tution of these sulphurets has not 
yet been determined analytically. The colour of these sul- 
phurets, such of them at least as I have formed, is very similar 
to that of alkaline liver of sulphur. The processes which have 
been followed for making these sulphur«ts are the following : 

1. When sulphate of barytes in powder is mixed with char- 
coal, and heated to redness in a covered crucible, the oxygen 
of both the constituents of the salt is carried off in combination 
with the carb<^, and a sulphuret of barium remains. The 
sulphuret thus formed dissolves in boiling water, and the satu- 
rated solution gives fine transparent and colourless crystals. 

It is by dissolving this sulphuret in acids that the different 
salts of barytes are usually formed. During its solution it 
* Ann. de Chitn. et de Phys. xxxiii. 364. 
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gives rather more than the fifth part of its weight of sulphur- 
etted hydrogen gas. 

2. If we mix caustic barytes and sulphur together, and heat 
the mixtiire to redness in a covered crucible, we obtain sulphu- 
ret of barium mixed witli a little sulphate of barytes. Three- 
fourths of the barytes are converted into barium; the other 
foifrth into sulphate of bary tes. 

3. We may obtain sulphuret of barytes in a state of purity 
by passing a current of dry sulphuretted hydrogen gas over 
barytes, ignited in a glass tube, till all formation of water is at 
an end. The barytes assumes r red colour till it Is completely 
converted into sulphuret of barium, when it assumes the brown 
colour of that compound. 

When the Solution of sulphuret of barium is boiled with 
sulphur, we obtain a compoimd consisting of 5 atoms sulphur 
united to 1 atom barium, or it consists^ipif 
Sulphur . . 

Barium . . . iFSi 


18-5 

VII. Nothing is known respecting the compounds of se- 
lenium and barium; nor respecting the allo 5 ’^s which it maybe 
capable of forming with the different metals. 

SECTION V. OF STRONTIUM. 

About the year 1787 a mineral was brought to Edinburgh, 
by a dealer in fossils, from the lead • mine of Strontian, in 
Argyleshire, where it is found imbedded in the ore, mixed with 
several other substances. It is sometimes transparent and 
colourless, but generally has a tinge of yellow or green. It is 
soft. Its specific gravity varies from 3*4 to 3*726. Its texture 
is generally fibrous ; and sometimes it is found crystallized in 
slender prismatic columns of various lengths.* 

This mineral was generally considered as a carbonate of 
barytes ; but Dr. Crawford having observed some differences 
between its solution in muriatic acid and that of barytes, men- 
tioned in his treatise on muriate of barytes, published in 1790, 
that it probably contained a new earth, and sent a specimen to 
Mr. Kirwan, that he might examine its properties. Dr. Hope 
made a set of expel iments on it in 1791, which were read to 
the Royal Society of Edinburgh in 1793, and published in the 

* Hope, Edin. Trans , iv. 14. 



STRONTIUM. 


48^ 


Transactions about the beginning of 1794. These experi- stanUyL 

ments demonstrate, that the mineral is a compound of carbonic 1 

acid, and a peculiar earth, whose properties are described. To 
this earth Dr. Hope gave the name of strontites. Klaproth 
analyzed it also in 1793, and drew the •same conclusions as Dr. 

Hope, though he was ignorant of the experiments of the latter, 
which remained still unpublished. Klaproth’s experimAits 
were published in Crell’s Annals for 1793* * * § and 1794.'|" Kir- 
ovan also discovered the most interesting peculiarities of this 
new earth in 1793, as appears by his letter to Crell, though 
his dissertation on it, which was read to the Irish Academy in 
1794, was not published till 1795.» The experiments of these 
philosophers were repeated and confirmed in 1797 by Pelletier, 
Fourcroy, and Vauquelin,!: and several of the properties of the 
earths till farther investigated. To the earth thus detected 
Klaproth g^ve the myOae of strontian, from the place where it 
was first found ; an^^idtis name is now generally adopted. 

Strontian is found abundantly in different parts of the'world, 
and always combined with caftbonic acid or sulphuric'acid. 

The carbonic acid may be expelled from the carbonate, and 
the strontian obtained pure, by mixing the mineral with char- 
coal powder, and exposing it to a high temperature, or by dis- 
solving the mineral in nitric acid, evaporating the solution till 
it crystallizes, and exposing the crystals in a cfucible to a red 
heat till the nitric acid is driv(;n off. Strqntian may be obtained 
from the sulphate by following exactly" the process described 
in the last section for dbtahiing barytes. 

Strontian, thus obtained, is in porous masses, of a grayish 
white colour; its taste is acrid and alkaline; and it converts 
vegetable blues to green. It does not ^t so strongly on animal 
bodies as barytes, nor is it poisonous.§ 

Davy, after his discovery of the metallic nature of potash stnmUum. 
and soda, was naturally led to consider strontian as a metallic 
oxide, as well as barytes and lime. He succeeded in decom- 
posing it by the same processes as have been detailed in the 
preceding sections for decomposing lime and barytes. To the 
metallic basis of it he gave the name of strontium. 

This, metal is white, solid, much heavier than water, and 

• Vol. ii. 189. 

f Vol. i. 99. See also Klaproth’s Beitrage, i. 260, and Jour, de Min. 

No. V. p. 61. 

\ Ann. de China, xxi. 1 13 and 276. Jour, de Min. An. vi. 3. 

§ Pelletier, Ibid. xxi. 120. 
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beats a close resemblance to barium in its properties. When 
exposed to the air, or when thrown into water, it rapidly 
absorbs oxygen, and is converted into strontian.* 
oxMet. • II. Strontium combines with two proportions of oxygen, and 
forms two oxides; namely, strontian and peroxide of strontium, 
for the knowledge of which we are indebted to Thenard. 
strontian. i. Strontian prepared by the process already described is a 
porous mass of a grayish white colour. It has an acrid taste, 
and converts vegetable blues to green. 

When water is sprinkled on strontian it is slacked, becomes 
hot, and falls to powder exactly like barytes ; but it is not so 
soluble in water as that earth. One hundred and sixty-two 
parts of water, at the temperature of 60°, dissolve nearly one 
part of strontian. The solution, l^own by the name of stron- 
tidn water, is clear and transparent^, and converts vegetable 
^blues to a green. Hot water dissolves it in much larger quan- 
tities ; and as it cools, the strontian Ss: i|||iOisited in colourless 
transparent crystals. These are in that lixnn of thin quadran- 
gular plates, generally parallelograms, the largest of which 
seldom exceeds one-fourth of an inch in length. Sometimes 
their edges are plain, but they oftener consist of two ^ets, 
meeting together, and forming an angle like the roof of a hoilse. 
These crystals generally adhere to each other in such a manner 
as to form a th\n plate of an inch or more in length and half an 
inch in breadth. Sometimes they assume a cubic form. They 
contain about 68 parts in 100 of water. They are soluble in 
51*4 parts of water at the temperattire bf 60°. Boiling water 
dissolves nearly half its weight of them. When exposed to 
the air, they lose their Meater, attract carbonic acid, and fall 
into powder.f ; 

Mr. Brooke has ascertained that the primary form of the 
crystals of this hydrate is a right square prism, j Most com- 
monly the prism is terminated by a four-sided pyramid, usually 
truncated at its extremity. The face of the prism makes, with 
the corresponding face of the pyramid, an angle of 132° 12'. 

It appears from the experiments of Bucholz, that strontian 
obtained by heating these crystals has the property of fusing 
at a red heat, while strontian from the nitrate is destitute of 


* Davy’s Eleetro-chemie^l Researches into the Decomposition of the 
Earths, &c.; Phil. Trans. 1808. 
f Hope, Edin. Trans, iv. 44. 
t Annals of Philo8<^hy (8d series), vii. 287. 
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that property.* Hence it is obvious tliat the first is a hydrate 

of strmtian. It is, no doubt, composed of 1 atom strontian + L_l_ 

1 atom water, or by weight of 

Strontian . . 6*500 . . 100 

W^ater . • 1*125 •. . 17*3 

The crystals of strontian appear from Dr. Hope’s analysis 
above stated, to be composed of 1 atom strontian *f* 12 atoifis 
water, or by weight of 

Strontian . . 6*5 . . 100 

Water . . 13*5 . . 207*69 

Strontian Hhs the property of tinging flame of a beautiful 
red colour; a property discovered by Dr. Ash in 1787. The 
experiment may be made by putting a little of the salt com- 
posed of nitric acid and strontian into the wick of a lighted 
candle ;-j- or by setting fire to alcohol, holding muriate of stron- 
tian in solution. In both cases the flame is of a lively purple. 

In this respect it differs from barytes, which when tried in 
the same way is found to communicate a bluish yellow tinge to 
the flame.J 

I have shown thaf the atomic weight of strontian is 6*5.§ 

And from the action of chlorine on it, first observed by Davy, 
it isvlear that it is a compound of 1 atom strontium and 1 atom 
oxygen. Hence its constituents are 

1 atom strontium . . 5*5* 

1 atom oxygen , . . 1 


6*5 

and the atomic weight of strontium is 5*5. 

2. Peroxide of strontium is obtained in bright scales when Peroxide, 
strontian water is mixed ^th deutoxIHe of hydrogen. Its 
properties are similar to those of peroxide of barium; but it 
may be more easily dried. According to the analysis of 
Thenard, it is composed of 

1 atom strontium . . * 5*5 

2 atoms oxygen . . * 2 

7*5 

III- Chloride of strontium is easily formed by heating stron- chioride. 

tian in chlorine gas, or by dissolving it in muriatic acid and 

• 

* Gehlen’s Journal fiir de Chemie, Physick, und Minendogie, iv. 664. 
t Vauquelin, Jour, de Min. An. vi. 10. 
t Pelletier, Ann. de Chim. xxi. 137. 

$ Annals of Philosophy (2d series), i. 5. 

I. 2 F 
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Chap, in crystallizing. As it possesses the charaifters of a salt, it will 
come to be deseribed in a subsequent part of this work. For 
the same reason the bromide and iodide will be reserved till we 
come to the salts, of which they constitute species. 

IV, The phosphuret and sulphuret of strontium resemble 
those of Iwium so closely, that a detailed description of them 
sftems ifnnecessary. 

Nothing is known respecting the combination of strontium 
with hydrogen, azote, carbon, boron, silicon, or selenium, or* of 
the alloys which it may form with tlie metals. 

Barytes and strontian rese^nble each other fn their proper- 
ties as closely as potash and soda : hence, like these two alka- 
lies, they were for some time confounded. It is in their com- 
bination with acids that the most striking differences between 
these two earths are to be observed* The best way of separ- 
ating them, when mixed together and dissolved in an acid, 
is, according to Berzelius, to add a quantity of fluosilicic acid 
to the solution. The barytes is thrown down, but the strontian 
remains in solution till the whole be reduced by evaporation to 
the consistence of a magma. 

SECTION VI. OF CALCIUM. 

Lime has been known from the earliest ages. The ancients 
employed it* in medicine ; it was the chief ingredient in their 
mortar ; and they y^ed it as a ^anure to fertilize their fields. 

Lime abounds in most parts of the world, or perhaps I should 
rather say, that there is no part of the world where it does not 
exist. It is found purest in limestone, and marble, and chalk. 
None of these substances, however, is, strictly speaking, lime ; 
but they are all capkble of becyming lime by a well-known 
process, by keeping them for some time in a white heat : this 
process is called the burning of lime. The product, which in 
common language is denominated quicklime.^ is the substance 
known in chemistry by the name of lime. 

How obtain. 1. Lime may be bbtained pure by burning those crystallized 
limestones, called calcareous spars, which are perfectly white 
and transparent, and also by burning some pure white marbles. 
It may be procured also in a state of purity by dissolving 
oyster-shells in muriatic acid, filtering the solution, mixing it 
with ammonia as long as a white powder continues to fall, and 
filtering again. The. liquid is now to be mixed with a solution 
of carbonate of soda; the powder which falls, being washed and 
dried, and heated violently in a platinum crucible, is pure lime. 
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2. Pure lime is of a white colour, moderately hard, but easily 
reduced to a powder. 

It has a hot burning taste, and in some measure corrodes 
and destroys the texture of those animal bodies to which it is 
applied. Its specific gravity Ss 3*08.* It tinges vegetable 
blues green, and at last converts them to yellow. • 

With respect to the composition of lime nothing better than 
conjecture was advanced on the subject, till Davyds great dis- 
covery of the bases of potash and soda. This naturally led him 
to the idea that lime and the^other earthy bodies possessing 
properties simihu* to lime, were likejrise compounds of oxygen 
and particular metals. 

He accordingly exposed them in various states to the action 
of a galvanic battery, and found reason to conclude that his 
opinion of their nature was correct, though he found it much 
more diflScult to decompose them and obtain their bases, tharf 
it had been to obtain potassium and sodium by similar pro- 
cesses. When acted upon under naphtha they were. not dis- 
tinctly decomposed. When fused with an excess of potash, 
and acted upon in that state, the results were rather more dis- 
tinct, metallic substances appeared less fusible than potassium, 
which burnt the instant after they were formed, and produced 
a mixture of potash and the earth employed. When the earths 
were exposed to the action of electricity, mixed with the oxides 
of mercury, tin, lead, or silver, amalgams were produced, which 
exhibited properties indica^ng uneguivocally that they were 
mixtures of the base of the earth employed and of the base of 
the metallic oxide mixed with it. But the quantity of amalgam 
obtained was too minute to admit of an» accurate examiination. 
While Sir H. Davy was eiigaged in these experiments, he 
received a letter from Professor Berzelius of Stockliolm, inform- 
ing him that he and Dr. Pontin had succeeded in decomposing 
barytes and lime, by negatively electrifying mercury in contact 
with them. Davy immediately repeated this happy experiment, 
and succeeded completely in obtaining amalgams of the base of 
the earth employed. 

To procure these amalgams in sufficient quantity for distil- 
ling off the mercury, agd obtaining the base of the earth pure, 
Davy combined his own previous method wUh that of Berzelius 
and Pontin. The earth was slightly njoistened, mixed with 
one-third of red oxide of mercury, and placed upon a plate of 
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♦ Roger and Dumas, Annals of Philosophy, iii. 39t. 
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platinum connected witli the positive end of the battery. A 
cavity was made in the earthy mixture, a globule of about 60 
grains of mercury put into it, and this globule connected with 
the negative end of the battery by a platinum wire. The 
amalgams obtained in this way were distilled in glass tubes 
filled with the vapour of naphtha. The greater part of the mer- 
cury was easily driven off, but it was extremely difficult to 
separate the whole. The globule that remained behind was in 
all cases white like silver, solid, and extremely combustible. 
When exposed to the air it absorbed oxygen, ard regenerated 
the earth from which it was obtained in a few minutes. 

The metallic basis of lime Davy has called calcium. He did 
not succeed in investigating its properties. It is white like 
silver, solid, and probably 4 or 8 times heavier than water. 
When heated in the open air it bums brilliantly, and quick- 
lime is produced.* 

II. Calcium, so far as is known at present, unites only with 
two proportions of oxygen, and forms two oxides, known by 
the name of lime and peroxide of calcium. 

1. Lime cannot be fused by the most violent heat of our fur- 
naces. But Dr. Clarke has succeeded in fusing it by means of 
a blow-pipe, consisting of a jet of two volumes hydrogen, and 
one volume oKygen gases, issuing with violence from the point 
of a capillary tube. It is converted into a brilliant limpid glass, 
and during the fusion a beauRful lambent flame of an ame- 
thystine hue makes its ap^earancq.f . 

If water be poured on newly-burnt lime, it swells and falls 
to pieces, and is soon reduced to a very fine powder. In the 
mean time, so much keat is produced, that part of the water 
flies off in vapour. If the quantity of lime slacked (as this 
process is termed) be great, the heat produced is sufficient to 
set fire to combustibles. In this manner, vessels loaded with 
lime have sometimes been burnt. When great quantities of 
lime are slacked in & dark place, not only heat but light also is 
emitted, as Mr. Pelletier has observed.:]: When slacked lime 
is weighed, it is found to be heavier than it yvas before. This 
additional weight is owing to the combitiation of part of the 
water with the lime ; which water may be separated again by 
the application ofe a red heat ; and by this process the lime 
becomes just what i^ was before being slacked.§ Hence the 

* Phil. Trans. 1808, p. 333. 
f Journal of the Royal Institution, ii. 113. 
t Jour, de Phys. tom. 22. § Dr. Black. 
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reason of the heat evolved during the slacking of lime. Part Famuy *• 
of the water combines with the lime, and thus becomes solid ; 
of course it parts with its caloric of fluidity, and probably also 
with a considerable quantity of caloric which exists in water 
even when in the state of ice for when two parts of lime and 
one part of ice (each at 32°) are mixed, they combine rapidly, 
and their temperature is elevated to 212°. The elevatiofl of 
temperature during the slacking of barytes and strontian is 
t)wing to the same cause. 

Slacked lime or hydrate of lime is no doubt a compound of 
1 atom lime V 1 atom water, it is composed by weight of 
Lime . . 3*5 • . . 100 

Water . . 1*125 . . 32*15 

Mr. Dalton* found slacked lime well dried in a moderate 
heat composed of • 

Lime . . 100 

Water . . 33*3 

The result of Lavoisier’s experimentsf gave 
Lime .• . 100 

Water . . 28*7 

Those of Berzelius 

Lime . . 100 

Water . . 32*17 

which is very near the tlieoretical result. 

Gay-Lussac has hit ujioii very ingenious method of crys- crystals, 
tallizing lime. He dissolves it in water, and places the lime- 
water formed in an open wssel under the exhausted receiver 
of an air-pump, along with a quantity of concentrated sulphuric 
acid in another open vessel. MHien the acid has become too 
weak in consequence of tl\^ evaporatidii of the lime water it is 
withdrawn, and new concentrated acid substituted in its place. 

By degrees the lime is deposited in small crystals, which ex- 
hibit the form of fragments of six-sided prisms.^ 

By my trials 758 grains of cold water dissolve 1 grain of water, 
lime. According to Mr. Dalton, who has examined this sub- 
ject with attention, cold water dissolves more lime than hot 
water. The following table shows the solubility of lime and 
its hydrate in water of different temperatures, according to his 
experiments.§ 

* New System of Chemical Philosophy, i. 87. 
f Lavoisier’s Essays, translated by Henry, p. 280. 
j Ann. de Chim. et Phys. i. 334. 

New System of Chemical Philosophy, ii. 510. 
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Lime water ^ as this s6lution is called, is limpid, has an acrid 
taste, and changes vegetable blue colours to green. It is 
usitally formed by throwing a quantity of lime in powder into 
pure water, allowing it to remain for some time in a close 
vessel, and then decanting the transparent solution from the 
undissolved lime. When lime-water is exposed to the air, a 
stony crust soon forms on its surface composed ol* carbonate of 
lime ; when this crust is broken it falls to the bottom, and another 
succeeds it; and in this manner tlic wdiole of the lime is soon 
precipitated, by absorbing carbonic acid from the air. 

The smell perceived during the slacking of lime is owing to 
a part of that earth being elevated along with the vapour of the 
water; as evidently appears from this circumstance, that vege- 
table ])lues exposed to this vapour are converted into green. 

Limestone and chalk, though tiiey are capable of being con- 
verted into lime by hurning^ possess hardly any of the proper- 
ties of that active substance. They are tasteless, scarcely solu- 
ble in water and do not perceptibly act on animal bodies. Now, 
to what are the new properties of lime owing? What altera- 
tion does it unflcrgo in the fire ? 

It had been long kiiown, that limestone loses a good deal of 
weight by being burned or calcined. It was natural to suppose, 
therefore, that something is separjfted from it during calcina- 
tion. Accordingly, Van Helmont, Ludovicus, and Macquer, 
made experiments in succession, in order to discover what that 
something is; and they concluded from them that it is pure 
water^ which the lime recovers again when exposed to the 
atmosphere. As the new properties of lime could hardly be 
ascribed to this loss, but to some other cause, Stahl’s opinion, 
like all the other chemical theories of that wonderful man, 
was generally acceded* to. He supposed that the new proper- 
ties which lime acquired by calcination arc owing entirely to 
the more minute division of its particles bj§ the action of the 
fire. Boyle indeed had endeavoured to prove that these pro- 
perties are owing to the fixation of fire in the lime ; a theory 
which was embraced* by Newton and illustrated by Hales, and 
which Meyer new modelled, and explained with so much 
ingenuity and acuteness as to draw the attention of the most 
distinguished chemists. But while Meyer was thus employed 
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in Germany, Dr. Black of Edinburgh published, in 1756,' ramUyL 
those celebrated experiments which form so brilliant an era in ‘ 
the history of chemistry. 

He first ascertained, that the quantity of water separated 
from limestone during its calcination is*not nearly equal to the 
weight which it loses. He concluded in consequencp, that it 
must have lost something else than mere water. What tCis 
could be, he was at first at a loss to conceive ; but recollecting 
that Dr. Hales had proved that limestone, during its solution 
in acids, emitg a great quantity of a*r, he conjectured that this 
might probably be what is lostT during calcination. He cal- 
cined it accordingly, and applied 5 pneumatic apparatus to 
receive the product. He found his conjecture verified; and that 
the air and the water which separated from the lime were 
together precisely equal t(f the loss of weight which it had sus- 
tained. Lime therefore owes its new properties to the loss o^ 
air; and limestone differs from lime merely in being combined 
with a certain quantity of air ? for he found that, by restoring 
again the same quantity of air to lime, it was converled into 
limestone. This air, because it existed in lime in a fixed 
state, he called fixed air. It was afterwards examined by Dr. 

Priestley and other philosophers ; found to possess peculiar 
properties, and to be that species of gas now known by the 
name of carbonic acid gas. Lime then is the simple substance, 
and limestone is composed of •carbonic acid and lime. Heat 
separates the carbonic acid and leaves the lime in a state of 
purity. * * 

When lime is exposed to the open air, it gradually attracts 
moisture, and falls to powder ; after \^ich it soon becomes 
saturated with carbonic aci(^ and is again converted into car- 
bonate of lime or unburnt limestone. 

My experiments, I conceive, leave no doubt that the atomic 
weight of lime is 3'5.* From the decomposition of lime by 
chlorine, it is pretty evident tliat it is a cdjnpo'und of one atom 
of base and 1 atom of oxygen. Hence its constituents must be 
Calcium . . 2*5 

Oxygen . . 1*0 

3-5 

and the atomic weight of calcium must be 2*5. 

Lime is applied to a great variety of *uses. It serves as a 
manure to land ; it is employed as an antacid in medicine ; it 
* Annals of Philosophy (2d Series}, i. 6. 



440 


SIMPLE ALKALIFIABLE BASES. 


Chap. iiL an excellent building stone, and it constitutes the essential 
ingredient in mortar. 

Mortar. Mortar is composed of quicklime and sand reduced to a paste 

with water. When dry it becomes as hard as stone, and as 
durable; and adhering very strongly to the surfaces of the stones 
wjiich it, is employed to cement, the whole wall becomes in 
fact nothing else than one single stone. But ibis effect is pro- 
duced very imperfecdy unless the mortar be very well prepared. 

The lime ought to be pure, completely free from carbonic 
acid, and in the state of a very fine powder : th,'^ sand should 
be free from clay, and partly iil the state of fine sand, partly in 
that of. gravel : the water should be pure ; and if previously 
saturated with lime, so much the better. The best proportions, 
according to the experiments of Dr. Higgins, are 3 parts of 
fine sand, 4 parts of coarser sand, I 'part of quicklime recently 
. slacked, and as little water as possible. 

The stony consistence which mortar acquires is owing, partly 
to the absorption of carbonic acid, but principally to the com- 
bination of part of the water with the lime. This last circum- 
stance is the reason, that if to common mortar one-fourth part 
of lime, reduced to powder without being slacked, be added, 
the mortar when dry acquires much greater solidity than it 
otherwise wquld do. This was first proposed by Loriot;* and 
a number of experiments were afteru'^ards made by Morveau.-!- 
The proportions which this philosopher found to answer best 
are the following ; 

Fine sand ..... 0*3 

Cement of well baked bricks . . 0'3 

Slacked lime , .... 0*2 

Unslacked lime . ‘ . . . 0*2 

l-O 

The same advantages may be attained by using as little water 
as possible in sl&cking the lime. This was first pointed out by 
La Faye.:]:. 

Higgins found that the addition of b^nt bones improved 
mortar by giving it tenacity, and rendj|!^ii|pit less apt to crack 
in drying ; but they ought never to earaSsS one-fourth of the 
lime employed. 

When a little clay is added to mortar, it acquires the im- 
portant property of hTardening under water; so that it may be 

• Jour, de Phys. iii. 231. f Ibid. vi. 311. f Ibid. ix. 437. 
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employed in constructing those edifices which are constantly v, *'*“*“*' *• 
exposed to the action of water. Limestone is found not un- 
frequently mixed with clay : and in that case it becomes brown 
by calcination, instead of white. These^native limestbne^^are 
employed for making water ijtortar ; *but good water mortar 
may be made by the following process, first proposet^ by Mor- 
veau : Mix together 4 parts of blue clay, 6 parts of black 
oxide of manganese, and 90 parts of limestone, all in powder. 
t.'Ialcme this mixture to expel the carbonic acid, mix it with 
60 parts of ^and, and form it into mortar witli a sulBcient 
quantity of water.* 

The best mortar for resisting wafer is made by mixing with 
lime puzzolano, a volcanic sand brought from Italy. Morveau 
informs us that basaltes, which is very common in this country, 
may be substituted for pvfiEzolano. It must be heated in a fur- 
nace, thrown while red-hot into water, and then passed through 
a sieve to reduce it to the proper size.f 

I find by analyzing Arden'lime, near Glasgow, which con- mor. 
stitutes an excellent water mortar, that it contains a consider- 
able quantity of silica, and that when the lime is burnt the 
silica enters into chemical combination with it. For when the 
lime is dissolved in muriatic acid and the solution suflBciently 
concentrated, the silica gelatinizes. It seems to be this silicate 
of lime which gives the mortar tlie property o^ setting under 
water. 

2. Peroxide of lime was discovered by M. Thenard. He Peroxide, 
obtained it by letting fall, drop by ‘drop, limewater into deut- 
oxide of hydrogen. Small brilliant scales fall, which constitute 
the peroxide of lime. It undergoes spontaneous decomposition 
when kept under water, aiM cannot be dried in vacuo without 
losing its excess of oxygen. It is composed, according to 
Thenard, of 

1 atom calcium . . 2*5 

2 atoms oxygen • . 2 

4-5 

and its atomic we^|||i|;’is 4*5. 

III. Chloride dTite dcium is easily formed by passing a cur- Chloride, 
rent of dry chlorine ^as, over lime previously heated to red- 
ness. The oxygen of the lime is disengaged and chloride of 
calcium formed, as was first shown by Sir H. Davy. It may 


^ Ann. de Chim. xxxvii. 259. 


f Ibid xxxvii. 262- 
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Chap. Ill, 


Chloride of 
lime. 


How tested. 


be obtained also by simply dissolving lime in muriatic acid) 
and crystalizing the solution. It possesses the characters of a 
salt, and will therefore be described in the second volume of 
this work. 

The bromide and iodide of rfialcium are also salts, and will 
be described hereafter. 

But chlorine has the property of combining with hydrate of 
lime, and of forming a compound which may be called chloride 
of lime. It was first made by Messrs. Tennant and Macintosh, 
of Glasgow, and has now become a most important article of 
commerce, under the name of 'bleaching powder. It is made 
by exposing slacked lime,' in fine powder, in a chamber filled 
with chlorine gas, till it refuse to absorb any more. Some 
years ago, when examined by Mr. Dalton, it was a compound 
of 1 atom chlorine and 2 atoms Ihne ; but of late years the 
.quality has been so much improved that it is now (as manufac- 
tured in Glasgow,) a compound of 

1 atom chlorine ' . . 4*5 

1 atom lime " . . 3-5 


8 

at least very nearly, for it dissolves in water leaving only a 
very slight residue, consisting chiefly of impurities in the lime, 
with a very little lime. This chloride has an exceedingly hot 
taste, and dissolves readily in water. Its bleaching j)roperties 
are so considerable that it is always used in this country for the 
bleaching of cotton cloth, 'which is' never now exposed to the 
sun upon grass as formerly. When exposed to the air it 
remains for some hours unaltered j but at last begins to absorb 
moisture, and flows ultimately intO' a liquid which consists of a 
solution of chloride of calcium. It has a peculiar smell, not quite 
the same, but analogous to that of chlorine. When heated it 
gives out oxygen gas mixed at first with a little chlorine. 

The usual mode of determining the strength of bleaching 
powder, is to ascertain how much solution of indigo in sulphu- 
ric acid is discoloured by a given weight of ^e powder pre- 
viously dissolved in water. But this methoc^ li^livithstan^ng 
the ameliorations introduced into it by Ghy-Lussac, is, I think 
liable to considerable uncertainty. I have been in the habit 
myself of testing the bleaching powder by means of muriate of 
manganese, which it hais the property:^f throwing down in the 
state of teroxide of manganese, and the weight of teroxide 
obtained measures the strength of tlie bleaching powder. The 
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only precaution necessary, is to take care that the solution of 
the bleaching powder contains no free lime, which is almost 
always the case. This excess must be exactly neutralized by 
muriatic acid, and care must be taken not to add too much, 
otherwise the result will not be^exact. • This makes the pro- 
cess rather unfit for common bleachers; though it has been 
recommended by Morin as preferable to the indigo test.* ISfr. 

Dalton proposed the addition of a solution of bleaching powder 
to* a solution of protosulphate of iron, till the smell of chlorine 
begins to be perceived. And my friend Mr. Crum, one of the 
most extensiv^bleachers in the Heighbourhood of Glasgow, and 
an excellent practical chemist, informs me that he always em- 
ploys this method, and finds it both exact and delicate. 

With respect to the nature of b? eaching powder, two opinions impound 
at present divide the chemical world. The first and the most 
common one is, that it is a compound of chlorine and lime. The 
second is that advanced by Berzelius ; which must at present 
be viewed in tlie light of an ingenious and plausible conjecture. 
According to him chlorine and bxygen are capable of forming 
an acid confciining less oxygen than chloric acid, and which, 
therefore, he calls chlorous acid. We do not yet know the 
exact composition of this acid, but we may suppose it (for the 
sake of explaining the nature of the chloride), a compound of 
1 atom chlorine and 3 atoms oxygen. When Ihe chlorine 
comes in contact with the lime,*three-fourtIis of the lime give 
out their oxygen to 1 atom of chlorine, and convert it into 
chlorous acid. This atom of Chlorous acid unites to the remain- 
ing fourth of the lime, and forms with it chlorite of lime, while 
the three atoms of calcium evolved unite to chlorine, and form 
chloride of calcium. According to this view of the subject 
bleaching powder is a mixture of 

3 atoms cliloride of calcium = 21 
1 atom chlorite of lime =11 
. So that nearly two-thirds of it is chloride of calcium, and little 
more than one-third chlorite of lime. It is to the chlorite of 
lime that the bleaching powers of the liquid are owing. Its 
oxygen being l<)ft)||^^9mbined is given out, and acting on the 
colouring matter of the^?feloth produces its bleaching elFects.f 

This opinion of Berzelius is founded chiefly upon the pro- 
perties of the combination of chlorine and potash. It yields, 

* Ann. de Chim. et de Phys. xxxvii. 142. 

t PoggendorTs Annalen* xii. 529. 
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Chap. 111 . ^hen evaporated, a peculiar salt which dissolves in water, and 
possesses bleaching properties. Faraday obtained a similar 
salt when the disinfecting liquid of Labaraque, formed by com- 
bining a determinate quantity of chlorine gas with solution of 
carbonate of soda is evaporated to dryness. No chlorine is 
given off during the evaporation, and the salt possesses peculiar 
properties, and has bleaching powers. These facts undoubtedly 
deserve the attention of chemists, and are suflScient to satisfy 
us that the nature of this combination has not yet been acen- 
rately determined. It is rather inconsistent, however, with 
the opinion of Berzelius, tliat bleaching po^Ivder does not 
attract moisture from the atmosphere nearly so fast as we would 
expect, from a substance containing so great a proportion of 
chloride of calcium, as his hyjiothesis would indicate. It is 
also remarkable that chlorine gas ..is evolved when sulphuric 
^ acid is drojit into a solution of bleaching powder. This does 
not happen when we pour that acid into a solution of chlorate 
of potash. I say nothing respecting the qiiateroxido of chlo- 
rine of Davy and Count Von 'Stiidion, because the analysis of 
that oxide is probably inaccurate. Yet it would require to be 
proved so, before the existence of a chlorous acid couldbe 
admitted. The investigation of the nature of this substance is 
environed with many difficulties ; but it is highly worthy the 
attention of 'chemists. 

Phospiiuret. IV. Pliospliurct fif calcium„may be formed precisely in the 
same way as phospiiuret of barium. This phospiiuret was first 
formed by Mr. JSmithsoK Tennant. Phosphuret of calcium has 
a deep brown colour, and is moulded into the shape of the 
tube. It falls to pieces in the air. It is insoluble in water ; 
but it has the property of decomposing that liquid. Phosphu- 
retted hydrogen mixed with hydrogen gas is emitted, which 
takes fire as soon as it comes to the surface of the water. 

This phosphuret has not yet been analyzed ; but it is exceed- 
ingly probable that like pjiosphuret of barium it is a com- 
pound of ' 

1 atom phosphate of lime ... 8 

2^ atoms biphosphuret of calcium . . 11 *25 

V. Sulphur and calcium unite in various'proportions. Three 
only of these sulphurets have been hitherto examined, 
suiphuret. 1. Sulphuret df calcium is obtained wheii we mix anhydrous 
sulphate of lime in. powder with about ^th of its weight of 
charcoal powder, and expose the niixturc in a covered crucible 
to a white heat for a couple of hours. Its colour is reddish. 
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It dissolves imperfectly in water, but with great ease in FamUyi 
muriatic acid, while a great quantity of sulphuretted hydrogen 
gas is evolved. On this account Berthier recommends this 
process as the easiest and cheapest for procuring sulphuretted 
hydrogen gas.*' It may be obtained (But mixed with sulphate 
of lime), also when we heat a mixture of lime and sulphur cau- 
tiously to redness in a covered crucible. When thus prepared 
it is a pyrophorus, and is known under the name of phosphorus 
of Canton. This sulpliuret is a compound of 
*1 atom sulphur . . 2 

1 atom calcium * . . 2*5 


4*5 

45 grains of it, when dissolved in muriatic acid, give out 21^^^ 
grains of sulphuretted hycfrogen gas. 

2. JBimIpImret of calcium was discovered by Mr. Herschell^B‘®“'p**"«‘- 
It may be obtained by boiling a mixture of slacked lime, sul- 
phur, and water, and allowin^^the liquid to cool slowlj^ before 
it be perfectly saturated with sulphur. Yellow coloured crys- 
tals separate, which are more abundant when allowed to form 
over the excess of lime and sulphur contained in the liquid. 

These crystals require 400 times their weight of water at 60® 
to dissolve them. But they are more soluble in boiling water. 

Their water of crystallization amounts to 43’45 per cent, of 
their weight. They consist of • 

2 atoms sulphur . . 4 

1 atom calcium . * . 2*5 


• , 6-5 

It is obvious that the crysfefls consist of 

1 atom bisulphuret of calcium . . 6*5 

4^ atoms water .... 5-0625 


11-5625 

m 

8. When sulphuret of calcium is boiled in water with sul- ^hu'rer“'‘ 
phur, till no more sulphur can be dissolved, we form a persul- 
phuret of calciiuh fcomj)osed of 

5 atoms sulphur . . 10 

1 atom cdlcium . 2-5 


12-5 


* Ann. de Chim. et de Phjs. xxiv. 275. 
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Chap. III. 


History. 


This persulphuret was proposed many years ago in Ireland 
as a substitute for potash ley in bleaching. Whether it be 
employed in any part of Ireland for this purpose I do not 
know. But the bleachers in this part of the country never 
make any use of it. 

^VI. Nothing is known respecting the combination of sele- 
nium and calcium, and scarcely any experiments have been 
made on the alloys which calcium may be capable of forming 
with the different metals. 

SECTION VII. — ■•t)F MAGNESIUM. 

About the beginning of the eighteenth century, a Roman 
canon exposed a white powder to sale at Rome as a cure for 
all diseases. This powder he called magnesia alba. He kept 
the manner of preparing it a profound secret; but in 1707 
.Valentini informed the public that it might be obtained by 
calcining the lixivium which remains after the preparation of 
nitre ;* and two years after, Slevogt discovered that it might 
be precipitated by potash from the mother leyt of nitre.J This 
powder was generally supposed to be lime, till Frederic Hoffman 
observed tluit it formed very different combinations with other 
bodies.§ But little was known concerning its nature, and it 
was even cqjifounded with lime by most chemists, till Dr. 
Black made his celebrated experiments on it in 1755. Mar- 
graff publislied a dissertation 6n it in 17.59, y and Bergman 
another in 1775, in which he collected the observations of 
these two philosophers, and which he enriched also with many 
additions of his own.^ Butini, of Geneva, likewise published 
a valuable dissertation, on it in 1779. 

Magnesia is never found nativfe in a state of purity, but it 
may be prepared in the following manner : Sulphate of mag- 
nesia, a salt composed of this earth and sulphuric acid, exists 
in sea-water, and in many springs, particularly in some about 
Epsom ; from which .circumstance it was formerly called Kpsom 
salt. This salt is to be dissolved in boiling water, and a boiling 

* De Magnesia Alba. 

•j- The mother ley is the liquid that remains after as much as possible of 
any salt has been obtained from it. Common salt, for instance, is obtained 
by ejufafJbrating sea-water. After as much salt *has been extracted from a 
quantity of sea-water hs will crystallize, there is still a portion of liquid 
remaining. This portion is the mother ley, 

i Diss. de Magnesia Alba. 

§ Obs. Phys. Chim. 1722, pp, 105 and 177. 

5 Opus. i. 365. 


II Opus. ii. 20. 
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solution of carbonate of soda added. The magnesia is precipi- 

tated in the state of a carbonate. It is then to be washed with ! — 1 

a sufficient quantity of water, dried, and heated to redness. 

Magnesia, thus obtained, is a very soft white powder, which 
has very little taste, and is totaHy^destillite of smell. Its specific 
gravity is about 2-3.* It converts vegetable blues to,greeii. 

Davy, after his decomposition of potash and soda, was 
naturally led to consider magnesia also to be a metallic oxide. 

He succeeded in decomposing it by the same process by which 
he decomposed the other alkaline earths. When moistened 
magnesia is exposed to the actten of galvanism in contact with 
mercury, the earth is reduced, and fits base amalgamated with 
mercury much more slowly than the other alkaline earths; 
owing probably to its insolubility in water. The process 
succeeds m,uch more rapicfiy when moistened sulphate of mag- 
nesia is substituted for the pure earth. To the base of magnesia 
thus obtained, Davy gave the name of magnesium. 

Magnesium is a white solid«metid, having the appearance of Magnesium, 
silver; sinks rapidly in water* and of course is considerably 
heavier than that liquid. W^hen the amalgam of magnesium 
is distilled in a glass tube filled with the vapour of naphtha, 
the metal appears to act upon the glass before the whole of the 
mercury is separated from it. Of course it is diflBcult to obtain 
it in a sfcite of purity. When exposed to the air it rapidly 
absorbs oxygen, and is converted into magnesia. It decom- 
poses water, separating the hydrogen, and combining with the 
oxygen ; but not nearly *so rapidly a^ the other metals obtained 
from the alkaline earths; owing, doubtless, to the insolubility 
of the magnesia in water. But when the water is acidulated 
with sulphuric acid, the deccmposition of water and the forma- 
tion of magnesia goes on with great rapidity. ' 

M. Bussey has lately announced that by passing the vapour Propertiei. 
of potassium over the chloride of magnesium, heated to redness 
in a porcelain tube, the magnesium is disengaged and may be 
collected on a filter. It is in the state o/ brown flocks, which 
when rubbed in an agate mortar assume the metallic lustre, 
and resemble lead in appearance. According to Bussey, mag- 
nesium is not attacked by dilute nitric acid, but it is dissolved 
by muriatic acid. When heated before the blow-pipe it takes 

* Kirwan’s Miner, i. 8. 

+ Davy’s Electro.4;heniical Researches on the Decomposition of the 
Earths, &c. Phil. Trans. 1808. 
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6re, and is converted into magnesia.* I am not aware that 
this experiment of Bussey has been verified by any other 
chemist. 

II. We are at present acquainted with only one oxide of 
magnesium; namely, magnesia. 

Magnesia occurs in considerable quantity in the state of 
anhydrous . carbonate. A whole range of low hills consisting 
of it is said to exist in India. In serpentine rocks it occurs in 
the state of a hydrate, composed of 1 atom magnesia and 1 atom 
water. Fine specimens of this hydrate occur at Swinaness in 
Unst, onp of the Shetland islands, where it was 'discovered by 
Dr. Hibbert, traversing the serpentine, in veins. It occurs also 
at Hoboken in New Jersey. It occurs also in the state of a 
hydro-carbonate, a silicate, bisilicate, and tersilicate, and enters 
also as a constituent into a considerable number of minerals, in 
which it exists in the state of double or triple salt. 

Magnesia is not melted by the strongest heat which it has 
been posssible to apply; but Mr. Darcet observed that, in a 
very high temperature, it became somewhat agglutinated. 
When formed into a cake with v^ater, and then exposed to a 
violent heat, the water is gradually driven off, and the magnesia 
contracts in its dimensions ; at the same time, as Mr. Tingry 
informs us, it acquires the property of shining in the dark when 
rubbed upon a hot iron plate. Dr. Clarke, by a stream of 
oxygen and hydrogen gases, fused it with great difficulty into 
a white enamel. 

Butini of Geneva shotved, mafiy years ago, that carbonate 
of magnesia is soluble in water, and more soluble in cold than 
in hot water. The subject was taken up about ten years ago 
by Dr. Fife of Edinburgh, who « ascertained that at 212°, 1 
part of magneslk requires 36,000 parts of water to dissolve it, 
but at the temperature of 60°, 1 part of magnesia requires for 
solution only 5760 parts of water. Carbonate of magnesia is 
soluble in 2493 parts of cold, and requires 9000 parts of boil- 
ing hot water to dissolve it.f 

1. Caustic magnesia does not solidify water like barytes, 
strpptiau, and lime ; hence it does not become hot when water 
is tl^wri pn it. Neither does it absorb carbonic acid gas from 
the^iilnosphere. It has a strong affinity for silica. Dr. W^ol- 
lastbh first pointed out a m^od of detecting the presence of 
the minutest quantity of zoiRj^eva in minerals. His method 


* PoggendorTs Annals, xiv. 181. 


f Edin. Jour, v. 305. ■ 
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is as follows : Dissolve in a watch glass a minute fragment of 

the mineral.* Render the solution neutral by cautious eva-^ 

poration; then while hot add a little oxalate of ammonia to 
precipitate any lime which it may contain. Let the precipitate 
fall, and take a few drops of thsMclear liquid and put them on 
a slip of window-glass. Add a drop or two of bicarbonate* of 
ammonia, and afterwards a drop or two of biphosphate of 
ammonia. Then draw a little of the clear solution to one side 
■\^ith a glass rod, and trace any letters or lines across it with a 
glass rod. Qp exposing it to a gentle heat, white traces will 
be perceived wherever the rodVas applied. 

It has been ascertained that sulplTate of magnesia (abstract- 
ing the water) is a compound of 

Sulphuric acid . . 5 

Magnesia * . . 2*5 

7-5 

Now the salt is neutral, and consequently the atomiq weight 
of magnesia is 2*5. From Davy’s experiments, it is clear that 
magnesia is a compound of 

1 atom magnesium . . 1*5 

1 atom oxygen . . 1 

— r 

2*5 

Consequently the atomic weight of magnesium is 1*5- 

III. When magnesia^is Ideated in chlorine gas it parts with ch'oride. 
its oxygen, and is converted into chloride of magnesium. As 

this chloride possesses tlie characters of a salt, the account of it 
is deferred to the second volume of* thi% work. For the same 
reason the bromide and iodfde of magnesium will occupy our 
attention afterwards. 

IV. Nothing is known respecting any compounds which 
magnesium may be capable of forming with hydrogen, azote, 
carbon, boron, silicon, or phosphftrus. • 

V. No accurate experiments have hitherto been made upon suiphuret. , 
the formation of the suiphuret of magnesium. Berthier, who 
formed so many sulphurets by heating sulphates with charcoal, 

does not appear to have tried the sulphate of magnesia. ,j^^f we 
mix hydrate of magnesia with, .^pter, and, pass a curf^t of 
sulphuretted hy<h*ogen gas tljiroi^a the Solution, as long as that 

* . -■ \ y ' - 

* If it is not soluble it must be rendered so by previous fusion with car- 
bonate of soda. 

I* 2 G 
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Chap. ni. gas continues to be absorbed, filter the solution, and boil it in 
a retort, the uncombined sulphuretted hydrogen- gas is driven 
oflF, and a white mucilaginous matter falls down, which is a 
sulphuret of magnesium. The same sulphuret is obtained when 
hydrosulphuret of potash is i.eixed with a solution of sulphate 
of, magnesia. 

When caustic magnesia and sulphur are boiled in water, a 
sulphuret of magnesium is gradually dissolved. But the pro- 
cess is tedious, and yields a very small quantity of product. 
We do not succeed in forming a sulphuret v^hen we heat 
magnesia and sulphur together in a crucible. The sulphur 
flies off and leaves the magnesia unaltered. 

VI. Nothing is known respecting the seleniet of magnesium 
or of the alloys which it may be capable of forming with the 
metals. 

' The Oxides of these seven metals constitute the most 
powerful alkaline bodies. They all combine readily with acids, 
and form salts. These salts b^ve been more completely in- 
vestigated than any others. An account of them will be given 
in a subsequent part of this work. All the chlorides, bromides, 
and iodides of these bodies are also salts. The order of the 
affinity of these bodies for acids is as follows : 

Barytes, Lime, 

Strontiaa, Lithia ? 

Potash, Magnesia. 

Soda, 

But to this order there are some exceptions. For example^ 
lime unites to oxalic 'acid in preference to any of the other 
bases, when they are all in solution together. 


FAMILY IL— EARTHY BASES. 

The six bodies belonging to this family, when united to 
oxygen, form white, tasteless powders, insoluble in water, and 
formerly distinguished by the name of earths. It is now known 
is no true distinction between earths and metallic 
oxides. But the si^ bases included in tliis family have so many 
properties in common, that it is proper to consider them 
together. And for want of a bettet name I have distinguished 
the family by the term Earthp, which was formerly applied to 
the oxides of these bases. 
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SECTION I. OF ALUMINUM. Family II. 

Sect, I. 

Alum is St salt which was known many centuries ago, and 

employed in dyeing, though its component parts were unknown. 

The alchymists discovered that it is cogiposed of sulphuric acid 
and an earth ; but the nature cAr4his earth was long unknown. 

Stahl and Neuman supposed it to be lime; but in 1728 Geoffrey, 
junior, proved this to be a mistake, and demonstrated, that the 
^arth of alum constitutes a part of clay.* In 1754, Margraff 
showed that the basis of alum is an earth of a peculiar nature, 
different from every other ; a^ earth which is an essential 
ingredient in clays, and gives them^their peculiar properties.f 
Hence this earth was called argil; but Morveau afterwards 
gave it the name of alumina-^ because it is obtained in the state 
of greatest purity from alutn. The properties of alumina were 
still farther examined by Macquer in 1758 and 1762,:}: by 
Bergman in 1767 and 1771, § and by Scheele in 1776 ;1| not tiT 
mention several other chemists who have contributed to the 
complete investigation of this* substance. A very iogenious 
treatise on it was published by Saussure, junior, in 1801.^ 

Alumina may be obtained by the following process : His- Alumina, 
solve alum in water, and add to the solution an excess of car- 
bonate of soda, and digest the mi.xture for some tim^ to deprive 
the precipitated alumina of all the sulphuric acid with which 
it was united. Wash the precipitate with a sufficient quantity 
of water, dissolve it in muriatic acid, and precipitate tlie alumina 
from this solution by capbonete of ammonia. Digest the pre- 
cipitate for some time in carbonate of ammonia. Then wash it 
and dry it. Pure alumina is easily ^obtained from ammoniaeal 
alum, simply by exposing it^to a strong*red heat. 

Alumina thus obtained assumestwo very differentappearances 
according to the way in which the precipitation has been con- 
ducted. If the earthy salt be dissolved in as little water as 
possible, the alumina has the appearance of a white earth, light, 
friable, very spongy, and attaching itself stfongly to the tongue. 

In this state Saussure distinguishes it by the name of spongy 
alumina. 

But if the salt has been dissolved in a great quantity of v^atfir, 
the alumina is obtained^ in a brittle transparent yellqiy»<(||iji|i¥^ 
mass, splitting in pieces like roll sulphur jivhen hold in the 

* Mem. Par. 1 728, p. 303. • . 

+ Mem. Berlin, 1754 and 1759,*Margrai]; ii. 1. t Mem. Paris- 

§ Bergman, i. 287, and v. 71. 

II Scheele, i. 191, French Transl. ^ Jour, de Phys. lit 289- 
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hand. Its fracture is smooth and conchoidal ; it does not 
adhere to the tongue, and has not the common appearance of 
an earthy body. In this state Saussure gives it the name of 
gelatinous alumina.* 

Davy was naturally led byfeHs previous discoveries to con- 
si4er alumina as a metallic oxide. His experiments leave little 
doubt on the subject, though he did not succeed in obtaining 
the metal in a separate state. When potassium is passed 
through alumina heated to whiteness, a considerable propor- 
tion of it is converted into potash, and gray mej^dlic particles 
are perceived in the mass, which effervesce in water and are 
converted into alumina. "^When a globule of iron is fused by 
galvanism in contact with moist alumina, it forms an alloy with 
aluminum. It effervesces slowly in water, being covered with 
a white powder. f To this metallic' basis Davy gave the name 
^of aluminum. 

But it is to Wohler that we are indebted for a method of 
obtaining aluminum in a state of purity, and for determining 
its properties.^ 

Professor Oersted first discovered that when dry alumina is 
intimately mixed with charcoal powder, and a currciit of dry 
chlorine gas is passed through the mixture while heated to 
redness in a porcelain tube, an anhydrous chloride of aluminum 
is formed.§ To form this chloride the best process is to mix 
intimately hydrate of alumina Veil washed and dried with a 
quantity of charcoal powder, sugau, an^ oil, to make the whole 
up into a ball, and to heat it in a covered crucible till the 
sugar and oil are decomposed. The black matter thus obtained 
is put into a porcelain ctube, and a current of dry chlorine gas 
passed over it while heated to redhess. The chloride of alu- 
minum sublimes and gradually obstructs the farther extremity 
of the porcelain tube. It is a solid crystalline body having a 
pale greenish yellow colour, semitransparent, and in plates. 
In the air it smokes feebly and soon deliquesces. When thrown 
into water it dissolves with the evolution of great heat. It is 
volatilized at a temperature not much higher than that of boiling 
water, and it fuses at a heat not very different from that at 
which'it is volatilized. It was by decomposing this chloride 
thdt Wohler obtahied pure aluminum^ His method was as 
follows : 


* Jour, de Phys. lii. 290. *(- Elements of Chemical Philosophy, p. 355. 

t PoggendorTs Annalen. xi. 146. 

$ Schweigger’s Jahrbuch, xv. 368. 
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Some pieces of potassium, well freed from naphtha, are put 

into the bottom of a porcelain or platinum crucible, over which 1-!— 

nearly an equal volume of chloride of aluminum is put. The 
lid of the crucible should be tied down, with an iron wire. 

The crucible is now heated by ^ spirif lamp, at first gently, 
and then more briskly. The greatest quantity of potassium 
employed was a piece about the size of a pea. At the instant 
of decomposition a very violent heat is evolved, which raises 
the crucible instantly to redness. The matter in the crucible 
is fused and of a grayish-black colour. When quite cold it is 
plunged into *a large vessel filled with water to remove the 
potash, and weaken its action so as to prevent it from acting 
on the aluminum. During the solution a little fetid hydrogen 
gas is exhaled, and there remains undissolved a gray powder, 
which viewed by a micros(¥)pe in the sun, appears to consist of 
small metallic plates. The water is drawn off, and new water 
being added, the aluminum is collected on a filter, washed, and 
dried. 

Aluminum in this state has rf great resemblance to p?atinum. Properties. 
"When burnished it assumes the metallic lustre and the splendour 
of tin. When rubbed in a mortar the scales admit of compres- 
sion, and then constitute larger scales, so that in all probability 
it is a malleable metal. It is not fusible at the temperature at 
which cast-iron melts. \^^hen exposed to a strong heat sur- 
rounded with charcoal powder it undergoes no alteration. In 
powder it is a non-conductor of electricity ; but iron is also a 
non-conductor wdien in powder, as viien reduced from oxalate 
of iron by heat. When heated to redness it takes fire, burns 
with extreme splendour, and is converted into alumina, which 
by the violence of the heat,iif the combustion be in oxygen, is 
fused into a button hard enough to cutjglass, almost as hard as 
sapphire. 

It is not oxidized in water at the common temperature of 
the air, and water may be evaporated off aluminum without 
altering it ; but when that liquid is raiseef to the boiling tem- 
perature the aluminum begins to decompose it, and hydrogen 
gas is given out slowly. But this process is very slow and 
imperfect. At the ordinary temperature aluminum is not 
attacked by concentrated sulphuric acid nor by nitric acid. 

But when heated it dissolves rapidly in tlie former of these 
acids, sulphurous acid being evolved. It dissolves in dilute 
sulphuric acid, and in muriatic acid with the evolution of 
hydrogen gas. It dissolves with the evolution of hydrogen gas 
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in very dilute solutions of potash, and even of ammonia, and 
the quantity of alumina which that alkali can dissolve in this 
way is very great. When heated in chlorine gas it takes fire 
and is converted into chloride of aluminum.* 

II. So fiir as is known at present, aluminum unites witli 
only one proportion of oxygen, and forms the base usually dis- 
tifiguished by the name of alumina. 

Alumina is a fine white-coloured powder destitute of taste 
and smell, but adhering strongly to the tongue. It is insoluWe 
in water and alcohol ; but dissolves readily in caustic alkalies, 
and in a small degree it is solvble in ammonia, ‘and even car- 
bonate of ammonia. It dissolves slowly in sulphuric acid when 
assisted by heat, forming a colourless solution. When sulphate 
of potash is mixed with this solution, octahedral ciy^stals of 
alum gradually form in it. It dissolves also in muriatic acid 
when digested in it for some time, even after having been 
Ignited. 

Alumina, when exposed to a., very violent heat, produced by 
directiitg a stream of oxygen g&s upon burning charcoal, under- 
goes a commencement of fusion, and is converted into a white 
enamel, semitransparent, and excessively hard.f If we put 
any confidence in tJie calculation of Saussure, the temperature 
necessary for producing tliis effect is as high as 1575° Wedge- 
wood.:}; Thfe specific gravity of aidiydrous alumina is 4'200.§ 
I have shown by <?xperimenfci, which I consider as decisive, 
that the atomic weight of alumina is 2*25. || It is obvious from 
many circumstances that*it is a cOmpbund of 

1 atom aluminum . . 1*25 

1 atom oxygen , . 1 


2-25 

So that the atomic weight of aluminum is 1*25. 

Though alumina be inso]uble in water, yet its affinity for 
that liquid is very cdnsiderable. When dry alumina is exposed 
to a moist atmosphere, it speedily increases in weight (by 
absorbing water) 15 per cent. There is a white stalactitical 
looking mineral called Gibsite, found in North America, which 
is a hydrate of alumina composed of « 

t- 

* Wohler, PoggendorPs Annalen. xi. 155. 

-)• Morveau, Jour, de I’Ecole Poly technique, I. iii. 299, 

J Jour, de Phys. 1794. § Annals of Philosophy (2d series), iii. 392. 

II Ibid. 161; First Principles^ i, 287. 
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1 atom alumina . . 2*25 

1 atom water .■ . 1*125 


3*375 

When alumina precipitated from its solution in potash by 
neutralization and ammonia alhl well washed, is allowed to 
dry in the open air in a temperature of about 60®, it is converted 
into a dry mass composed very nearly of 

1 atom alumina . . 2*25 

2 atoms water . . 2*25 


4*5 

When this bihydrate is dried in a temperature of 100® it is 
converted into a simple hydrate. Bihydrate of alumina occurs 
also native, and so does ^mineral called dia^tore which is a 
dihydrate of alumina, or a compound of 

2 atoms alumina . . 4*5 

1 atom water . . 1*125 


5*625 

Alumina is one of the weakest of all the bases. It even 
seems to perform the functions of an acid in certain combinar- 
tions which occur in the mineral kingdom. Thus spinell is a 
compound of 1 atom magnesia and 6 atoms ahimina. The 
magnesia is obviously the bas^ and the /ilumina is the acid. 
The affinity between alumina and magnesia is great Hence 
in chemical analyses we<son>etimes gfet a compound of the two. 
It is easily distinguished from pure alumina by the property 
which it has of becoming hot whenjmoistened with water.* 

* Unverdorben has shown that*it forms definite compounds with several 
of the bases. He dissolved it to saturation in caustic potash, and then 
separated the compound by means of alcohol in which it is insoluble. He 
showed that it was a compound of 

Potash . , 47’87 or 6 

Alumina • ? 52’13ior 6-53 


100-00 

This is very nearly 3 atoms alumina and I atom potash. It is therefore a 
teraluminate of potash. When muriate of barytes is added to this nfilution, 
aluminate of barytes falls composed of 

Barytes . . 59-83 or 9 6 

Alumina . . 40-17 or 6-38 


Family IL 
Sect. L 


PoMesses acid 
properties. 


100*00 
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III. The anhydrous chloride of aluminum has been already 
described in the former part of ’this section. Nothing has been 
ascertained respecting the bromide and Iodide of aluminum. 

IV. The combinations which aluminum may be capable of 
forming with hydrogen, azote, carbon, boron, and silicon, are 
unknown. 

.'V. When aluminum is heated to redness, when surrounded 
by an atmosphere of phosphorus, it takes fire and burns witii 
considerable brilliancy. The pliosphuret is a powder of «. 
grayish-black colour, and which, when burnished, acquires the 
metallic lustre and gives out the smell of phosphtiretted hydro- 
gen. W^hen put into water phosj)huretted hydrogen is given 
but, which does not take fire in contact with air.* 

VI. Sulphur may be distilled with aluminum without any 
combination taking place. But if, the vapour of sulphur be 
made to pass over aluminum at a strong red heat, the combina- 
'tion takes place with a very vivid combustion. Sulphuret of 

aluminum is black, semi- metallic, and acquiring lustre when 
burnished. When left in the' air it emits a strong smell of 
sulphuretted' hydrogen, ail’d falls at last into a grayish-white 
powder. When put upon the tongue it gives a sharp and hot 
taste, with the flavour of sulphuretted hydrogen. When thrown 
into water it gives out sulphuretted hydrogen rapidly, and 
alumina preci][)itatcs. When sulphate of alumina is heated to 
redness, and a curreni. of hydrogen gas passed over it, the acid 
flies off" and leaves the alumina unaltered.! 

VII. Wlien aluminunris mixed with selenium and heated 
to redness, a combination takes place with the evolution of heat. 
The seleniet is a black powder, whicii, when burnished, assumes 
somewhat of a metallic' lustre. M^en thrown into water sele- 
nietted hydrogen is given out with rapidity, and the water 
assumes a red colour from the selenium disengaged.^ 

VIII. When arsenic and aluminum are mixed and heated 

It is therefore very nearly a teraluminate of barytes. By muriate of lime 
the aluminate of lime may be obtained composed of 

Lime . . 35 66 or 3'5 

Alumina . . 64*34 or 6'31 

100 - 00 . 

This also is nearly a teraluminate of lime. We see from this that alumina 
enters into definite compounds as an acid. See Poggendorf’s Annalen, 
vii. 323. 

• Wohler; PoggendorTs Annalen, xi. 160. f Ibid. 159. t Ibid. 160. 



GLUCINUM. 


457 


to redness they unite with a feeble evolution of heat. The Famuy ii. 
arseniet is a black powder, wh^h assumes the metallic lustre 
when burnished, and emits the smell of arsenietted hydrogen. 

When thrown into water it appears at first to undergo no 
change ; but at last begins to give out* arsenietted hydrogen. 

And when heat is applied the "evolution of this gas becomes 
rapid.* 

IX. W^hen a mixture of tellurium in powder and aluminum TeUuret. 
was heated to redness, a violent incandescence took place, and 

the whole matter was driven out of the tube with an explosion. 

This explosioh is avoided by employing tellurium in masses. 

Telluret of alluminum is a black, •brittle mass, having the 
metallic lustre. When exposed to the air it gives out an 
unsupportable odour of telluretted hydrogen ; and when thrown 
into water, gas is given out with rapidity. The water becomes 
red, then brown, and at last opaque, in consequence of the 
tellurium which separates. This telluret is decomposed more 
rapidly in water than sidphur«*t of aluminum itself.f 

X. Wohler did not succeed in combining antimony and 
aluminum by heating the two metals together. The other 
alloys of aluminum are still unknown. 

SECTION It. OF GI.UCINUM. 

The beryl is a transparent stone, of a green "colour, and a Hwtorjr. 
considerable degree of hardness, which isdbnnd crystallized in 
the mouutiuns of Siberia, and in many other parts. Vau- 
quelin analyzed this minorar in 1 798, at the request of Haiiy, 
to determine whether it was formed of the same ingredients 
with the emerald, as Haiiy had conjectured from miueralogical 
considerations. The resultsof the analysis was a confirmation 
of the suspicions of Haiiy, and the discovery of a new earth, 
to which Vauquelin and his associates gave the name of gluci'na.% 

The experiments of Vauquelin were repeated by K.laproth§ 
and other eminent chemists. • ' 

To obtain glucina pure, the beryl or tlie emerald, reduced 
to powder, is to be fused with thrice its weight of potash. 

The mass is to be diluted with water, dissolved in muriatic 
acid, and the solution evaporated to dryness. The residuum 
is to be mixed with a'great quantity of water, and the whole 
thrown on a filter. The silica, which constitutes more than 
half the weight of the stone, remains behind ; but tlie glucina 

* Wohler; Poggendorf’s Annalen, p. 160. Ibid. p. 161. 

j: Ann. de China. xXvi. 155. ' - ■ § Beitrage, iii. 215. 
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Lime water, as this s6lution is called, is limpid, has an acrid 
taste, and changes vegetable blue colours to green. It is 
ust^ly formed by throwing a quantity of lime in powder into 
pure water, allowing it to remain for some time in a close 
vessel, and then decanting tlie transparent solution from the 
undissolved lime. AVhen lime-water Ls exposed to the air, a 
stony crust soon forms on its siicface composed of" carbonate of 
lime ; when this crust is broken it falls to the bottom, and another 
succeeds it; and in this manner the vdiole of the lime is soon 
precipitated, by absorbing carbonic acid from the air. 

The smell perceived during the slr.cking of lime is owing to 
a part of that earth being elevated along with the vapour of the 
water; as evidently appears from this circumstance, that vege- 
table blues exposed to this vapour are converted into green. 
jBu roing of^ Limestone and chalk, though they are capable of being con- 
eA verted into lime by hnrnwg, possess hardly any of the proper- 

ties of that active subsUince. They are tasteless, scarcely solu- 
ble in water and do not perceptibly act on animal bodies. Now, 
to what are the new properties of lime owing ? What altera- 
tion does it undergo in the fire ? 

It had been long known, that limestone loses a good deal of 
weight by being burned or calcined. It was natural to suppose, 
therefore, that something is separdeed from it during calcina- 
tion. Accordingly'^, Van Helmont, Ludovicus, and Macquer, 
made experiments in succession, in order to discover what that 
something and they “concluded from them that it is pure 
water, which the lime recovers again when exposed to the 
atmosphere. As the new properties of lime could hardly be 
ascribed to this loss, but to some other cause, Stahl’s opinion, 
like all the other chemical theories of that wonderful man, 
was generally acceded* to. He supposed that the new proper- 
ties which lime acquired by calcination are owjng entirely to 
the more minute division of its particles by^-ihe action of the 
fire. Boyle indeed had endeavoured to prove that these pro- 
perties are owing to the fixation of fire in the lime ; a theory 
■wdiich was embraced* by Newton and illustrated by Hales, and 
which Meyer new modelled, and explained with so much 
ingenuity and acuteness as to draw the attention of the most 
distinguished chemists. But while Meyer was thus employed 
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in Germany, Dr. Black of Edinburgh published, in 1756,' ?«nuyL 
those celebrated experiments which form so brilliant an era in * 
the history of chemistry. 

He first ascertained, that the quantity of water separated 
from limestone during its calciiiation is*not nearly equal to the 
weight which it loses. He concluded in consequencp, that it 
must have lost something else than mere water. What tfiis 
could be, he was at first at a loss to conceive ; but recollecting 
tbat Dr. Hales had proved that limestone, during its solution 
in acids, emitj a great quantity of he conjectured that this 
might probably be what is lostT during calcination. He cal- 
cined it accordingly, and applied d pneumatic apparatus to 
receive the product. He found his conjecture verified; and that 
the air and the water which separated from the lime were 
together precisely equal t(f the loss of weight which it had sus- 
tained. Lime therefore owes its new properties to the loss o^ 
air; and limestone differs from lime merely in being combined 
with a certain quantity of air f for he found that, by restoring 
again the same quantity of air to lime, it was converted into 
limestone. This air, because it existed in lime in a fixed 
state, he called Jixed air. It was afterwards examined by Dr. 
Priestley and other philosophers ; found to possess peculiar 
properties, and to be that species of gas now known by the 
name of carbonic acid gas. Lime then is the simple substance, 
and limestone is composed of •carbonic acid and lime. Heat 
separates the carbonic acid and leaves the lime in a state of 
purity. ’ * * 

When lime is exposed to the open air, it gradually attracts 
moisture, and falls to powder ; after u^ich it soon becomes 
saturated with carbonic aci<^ and is again converted into car- 
bonate of lime or unburnt limestone. 

My experiments, I conceive, leave no doubt that tlie atomic 
weight of lime is 3*5.* From the decomposition of lime by 
chlorine, it is pretty evident tliat it is a copaptfund of one atom 
of beise and 1 atom of oxygen. Hence its constituents must be 
Calcium . . 2*5 

Oxygen . . 1*0 

3*5 

and the atomic weight of calcium must be 2*5. 

Lime is applied to a great variety of 'uses. It serves as a 
manure to land ; it is employed as an antacid in medicine ; it 
* Annals of Philosophy (2d Series), i. 6. 
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caap. iiL ajj excellent building stone, and it constitutes the essential 
ingredient in mortar. 

Mortar. Mortar is composed of quicklime and sand reduced to a paste 

with water. When dry it becomes as hard as stone, and as 
durable; and adhering very strongly to the surfaces of the stones 
w|jich it. is employed, to cement, the whole wall becomes in 
feet nothing else than one single stone. But this effect is pro- 
duced very imperfeedy unless the mortar be very well prepared. 

The lime ought to be pure, completely free from carbonic 
acid, and in the state of a very fine powder : tli/^ sand should 
be free from clay, and partly in the state of fine sand, partly in 
that of. gravel : the water should be pure ; and if previously 
saturated with lime, so much the better. The best proportions, 
according to the experiments of Dr. Higgins, are 3 parts of 
fine sand, 4 parts of coarser sand, l‘'part of quicklime recently 
. slacked, and as little water as possible. 

The stony consistence which mortar acquires is owing, partly 
to the absorption of carbonic acid, but principally to the com- 
bination of part of the water with the lime. This last circum- 
stance is the reason, that if to common mortar one-fourth part 
of lime, reduced to powder without being slacked, be added, 
the mortar when dry acquires much greater solidity than it 
otherwise wquld do. This was first proposed by Loriot;* and 
a number of experiments were afterwards made by Morveau.f 
The proportions which this philosopher found to answer best 
are the following: ^ 


^ f. ». 

Fine sand 



0-3 

Cement of well baked bricks 

• 

• 

0-3 

Slacked lime , 

• 


0*2 

Unslacked lime . ' . 

• 

• 

0-2 




1-0 


The same advantages may be attained by using as little water 
as possible in sfeckipg the lime. This was first pointed out by 
La Faye.:j:. 

Higgins found that the addition of l^^l^ bones improved 
mortar by giving it tenacity, and rend$l^wit fess apt to crack 
in drying ; but they ought never to one-fourth of the 

lime employed. ^ " 

When a little clay is added to mortar, it acquires the im- 
portant property of hardening under water; so that it may be 

» Jour, de Phys. iii. 231. f Ibid. vi. 31 1. t Ibid. ix. 437. 
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employed in constructing those edifices which are constantly, 
exposed to the action of water. Limestone is found not un- 
frequently mixed with clay : and in that case it becomes brown 
by calcination, instead of white. These’^native limestbneg^are 
employed for making water mortar ; 'but good water mortar 
may be made by the following process, first proposer^ by Mor- 
veau: Mix together 4 parts of blue clay, 6 parts of black 
oxide of manganese, and 90 parts of limestone, all in powder, 
talcine this mixture to expel the carbonic acid, mix it with 
60 parts of gand, and form it into mortar with a sufficient 
quantity of water.* ' 

The best mortar for resisting wafer is made by mixing with 
lime puzzolano, a volcanic sand brought from Italy. Morveau 
informs us that basaltes, which is very common in this country, 
may be substituted for piftzolano. It must be heated in a fur- 
nace, thrown while red-hot into water, and then passed throug]|^ 
a sieve to reduce it to the proper size.-j- 

I find by analyzing Arden’lime, near Glasgow, which con. 
stitutes an excellent water mortar, that it contains a consider- 
able quantity of silica, and that when the lime is burnt the 
silica enters into chemical combination with it. For when the 
lime is dissolved in muriatic acid and the solution sufficiently 
concentrated, the silica gelatinizes. It seems to be this silicate 
of lime which gives the mortar the property of setting under 
water. 

2. Peroxide of lime was discovered by M. Thenard. He Peroxide, 
obtained it by letting fall, drop by 'drop, lime water into deut- 
oxide of hydrogen. Small brilliant scales fall, which constitute 
the peroxide of lime. It undergoes spontaneous decomposition 
when kept under water, aild CJinnot be dried in vacuo without 
losing its excess of oxygen. It is composed, according to 
Thenard, of 

1 atom calcium . .. 2*5 

2 atoms oxygen • . .^2 

4’5 

and its atomic wc^u^l^ 4*5. 

III. Chloride dP^tsmeium is easily formed by passing a cur- chionde, 
rent of dry chlorine ^as, over lime previously heated to red- 
ness. The oxygen of the lime is disengaged and chloride of 
calcium formed, as was fir^t shown by Sir H. Davy. It may 


* Ann, de Chiin. xxxvii. 259. 


f Ibid xxxvii. 262. 
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Chap, iii.^ be obtained also by simply dissolving lime in muriatic acid» 
and crystalizing the solution. It possesses the characters of a 
salt, and will therefore be described in the second volume of 
this work. 

The bromide and ioHide of .palcium are also salts, and will 
be described hereafter. 

nuoridc of But chlorine has the property of combining with hydrate of 
lime, and of forming a compound which may be called chloride 
of lime. It was first made by Messrs. Tennant and Macintosh', 
of Glasgow, and has now become a most important article of 
commerce, under the name of ‘bleaching powder. It is made 
by exposing slacked lime,' in fine powder, in a chamber filled 
with chlorine gas, till it refuse to absorb any more. Some 
years ago, when examined by Mr. Dalton, it was a compound 
of 1 atom chlorine and 2 atoms liine ; but of late years the 
.quality has been so much improved that it is now (as manufac- 
tured in Glasgow,) a compound of 

1 atom chlorine ‘ . . 4*5 

1 atom lime ' . . 3’5 

8 

at least very nearly, for it dissolves in water leaving only a 
very slight residue, consisting chiefly of impurities in the lime, 
with a very little lime. This chloride has an exceedingly hot 
taste, and dissolves readily in M''ater. Its bleaching properties 
are so considerable tliat it is always used in this country for the 
bleaching of cotton cloth,' which is' never now exposed to the 
sun upon grass as formerly. When exposed to the air it 
remains for some hours unaltered ; but at last begins to absorb 
moisture, and flows ultimately into* a liquid which consists of a 
solution of chloride of calcium. It has a peculiar smell, not quite 
the same, but analogous to that of chlorine. When heated it 
gives out oxygen gas mixed at first with a little chlorine. 

How terted. The usual mode of determuiing the strength of bleaching 
powder, is to ascertain how much solution of indigo in sulphu- 
ric acid is discoloured by a given weight of ^e powder pre- 
viously dissolved in water. But this methe(^i|^ withstanding 
the ameliorations introduced into it by Ghy-Lussac, is, I think 
liable to considerable uncertainty. I ha/e been in the habit 
myself of testing the bleaching powder by means of muriate of 
manganese, which it has the propertyipf throwing down in the 
state of teroxide of manganese, arid the weight of teroxide 
obtained measures the strength of the bleaching powder. The 
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only precaution necessary, is to take care that the solution of *• 

the bleaching’ powder contains no free lime, which is almost 
always the case. This excess must be exactly neutralized by 
muriatic acid, and care must be taken not to add too much, 
otherwise the result will not be^exact. * This makes the pro- 
cess rather unfit for common bleachers ; though it has been 
recommended by Morin as preferable to tlie indigo test.* IVfr. 

Dalton proposed tlie addition of a solution of bleaching powder 
to»a solution of protosulphate of iron, till the smell of chlorine 
begins to be perceived. And my friend Mr. Crum, one of the 
most extensive*bleachers in the neighbourhood of Glasgow, and 
an excellent practical chemist, iiiforrAS me that he always em- 
ploys this method, and finds it both exact and delicate. 

With respect to the nature of b? caching powder, two opinions ^mimund*^ 
at present divide the chemical world. TJie first and the most 
common one is, that it is a compound of chlorine and lime. The ^ 
second is that advanced by Berzelius ; which must at present 
be viewed in the light of an ingenious and plausible conjecture. 

According to him chlorine and bxygen are capable of forming 
an acid contiiining less oxygen than chloric acid, and which, 
therefore, he calls chlorous acid. We do not yet know the 
exact composition of this acid, but we may suppose it (for the 
sake of exj)laining the nature of the chloride), a compound of 
1 atom chlorine and 3 atoms oxygen. When Ihe chlorine 
comes in contact with the lime,»three-fourtlis of the lime give 
out their oxygen to 1 atom of chlorine, and convert it into 
chlorous acid. This atoni of fihlorous acid unites to the remain- 
ing fourth of the lime, and forms with it chlorite of lime, while 
the three atoms of calcium evolved unite to chlorine, and form 
chloride of calcium. According to this view of the subject 
bleaching powder is a mixture of 

3 atoms chloride of calcium = 21 
1 atom chlorite of lime =11 
. So that nearly two-thirds of it is chloride of calcium, and little 
more than one-third chlorite of lime. It is to the chlorite of 
lime that the bleaching powers of the liquid are owing. Its 
oxygen being li^i:^|||i^ 2 ™^ined is given out, and acting on the 
colouring matter of th^fcloth produces its bleaching effects.f 

This opinion of Berzelius is founded chiefly upon the pro- 
perties of the combination of chlorine and potash. It yields, 

• Ann. de Chim. et de Phys. xxxvii. 142. 

f PoggendorTs Annalen* xii. 529. 
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Piiosphuret. 


Sijlphuret. 


when evaporated, a peculiar salt which dissolves in water, and 
possesses bleaching properties. Faraday obtained a similar 
salt when the disinfecting liquid of Labaraque, formed by com- 
bining a determinate quantity of chlorine gas with solution of 
carbonate of soda is evaporated to dryness. No chlorine is 
given off during the evaporation, and the salt possesses peculiar 
properties, and has bleaching powers. These facts undoubtedly 
deserve the attention of chemists, and are sufficient to satisfy • 
us that the nature of this combination has not yet been acc^i- 
rately determined. It is rather inconsistent, however, with 
the opinion of Berzelius, t.l>at bleaching po'^vder does not 
attract moisture from the atmos})here nearly so fast as we would 
expect, from a substance containing so great a proportion of 
chloride of calciunj, as his hypothesis would indicate. It is 
also remarkable that chlorine gas *is evolved when sulphuric 
acid is dropt into a solution of bleaching powder. This does 
not happen when we pour that acid into a solution of chlorate 
of potash. I say nothing respecting the quateroxide of chlo- 
rine of Davy and Count Von 'Stadion, because the analysis of 
that oxide is probably inaccurate. Yet it would require to be 
proved so, before the existence of a chlorous acid couldbe 
admitted. The investigation of the nature of this substance is 
environed with many difficulties ; but it is highly worthy the 
attention of'chemists. 

IV. Phosphuret jof calcium„may be formed precisely in the 
same way as phosphuret of barium. Tliis j)hosphurct was first 
formed by Mr. SmithsoK Tennalit. Phosphuret of calcium has 
a deep brown colour, and is moulded into the shape of the 
tube. It falls to pieces in the air. It is insoluble in water ; 
but it has the property of decomposing that liquid. Phosphu- 
retted hydrogen mixed with hydrogen gas is emitted, which 
takes fire as soon as it comes to the surface of the water. 

This phosphuret has not yet been analyzed ; but it is exceed- 
ingly probable that like pl^osphuret of barium it is a com- 
pound of 

1 atom phosphate of lime ... 8 

2^ atoms biphosphuret of calcium . . 11*25 

V. Sulphur and calcium unite in various proportions. Three 
only of these sulphurets have been hitherto examined. 

1. Sulphuret dx calcium is obtained when we mix anhydrous 
sulphate of lime in* powder with about ^th of its weight of 
charcoal powder, and expose the naixture in a covered crucible 
to a white heat for a couple of hours. Its colour is reddish. 
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It dissolves imperfectly in water, but with great ease in FamUyi 
muriatic acid, while a great quantity of sulphuretted hydrogen 
gas is evolved. On this account Berthier recommends this 
process as the easiest and cheapest for procuring sulphuretted 
Ijydrogen gas.* It may bo obtained (but mixed with sulphate 
of lime), also when we heat a mixture of lime and sulphur cau- 
tiously to redness in a covered crucible. When thus prepared 
it is a pyrophorus, and is known under the name of phosphorus 
of Canton. This sulphuret is a compound of 

•1 atom sulphur . . 2 

1 atom calcium . . 2*5 

4*5 

45 grains of it, when dissolved in muriatic acid, give out 21^ 
grains of sulphuretted hydrogen gas. 

2. BisulpJmret of cdlcmm was discovered by Mr. Herscliell^uisuiphurct. • 
It may be obtained by boiling a mixture of slacked lime, sul- 
phur, and water, and allowin^^the liquid to cool slowlj/^ before 
it be perfectly saturated with sulphur. Yellow coloured crys- 
tals separate, whicli are more abundant when allowed to form 
over the excess of lime and sulphur contained in the liquid. 

These crystals require 400 times their weight of water at 60® 
to dissolve them. But they are more soluble in boiling water. 

Their water of crystallization amounts to 43*45 per cent, of 
their weight. They consist of • 

2 atoms sulphur . . 4 

1 atom calcium . * . 2*5 


It is obvious that the crystals consist of 
1 atom bisulphuret of calcium 
4^ atoms water 

, 11*5625 

3. When sulphuret of calcium is boiled in water with sul- 
phur, till no more sulphur can be dissolved, we form a persul- 
phuret of calciuift feornposed of 

5 atoms sulphur . . 10 

1 atom cdlcium . 2*5 

12*6 

* Ann. de Chim. et de Phys. xxiv. 275. 


6*5 

5*0625 
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This persulphuret was proposed many years ago in Ireland 
as a substitute for potash ley in bleaching. Whether it be 
, employed in any part of Ireland for this purpose I do not 
know. But the bleachers in this part of the country never 
make any use of it. 

,VI. Isfothing is known respecting the combination of sele- 
nium and calcium, and scarcely any experiments have been 
made on the alloys which calcium may be capable of forming 
with the different metals. 

SECTION VII. — MAGNESIUM. 

History. About the beginning of the eighteenth century, a Roman 

canon exposed a white powder to sale at Rome as a cure for 
all diseases. This powder he called magnesia alba. He kept 
the manner of preparing it a proflnind secret; but in 1707 
.Valentini informed the public that it might be obtained by 
calcining the lixivium which remains after the preparation of 
nitre ;* and two years after, Slevogt discovered that it might 
be precipitated by potash from the mother leyf of nitre. J This 
powder was generally supposed to be //me, till Frederic Hoffman 
observed that it formed very different combinations with other 
bodies.§ But little was known concerning its nature, and it 
was even confounded with lime by most chemists, till Dr. 
Black made his celebrated experiments on it in 1755. Mar- 
graff published a dissertation fln it in 1759,1| and Bergman 
another in 1775, in which he collected the observations of 
these two philosophers, and which he enriched also with many 
additions of his owni.f Butini, of Geneva, likewise published 
a valuable dissertation, on it in 1779. 

Magnesia is never found nativ6 in a state of purity, but it 
may be prepared in the following manner : Sulphate of mag- 
nesia^ a salt composed of this earth and sulphuric acid, exists 
in sea-water, and in many springs, particularly in some about 
Epsom ; from which .circumstance it was formerly called Epsom 
salt. This salt is to be dissolved in boiling water, and a boiling 

* De Magnesia Alba. 

f The mother ley is the liquid that remains after as much as possible of 
any salt has been obtained from it. Common salt, for instance, is obtained 
by enFapbrating sea-water. After as much salt *has been extracted from a 
quantity of sea-water hs will crystallize, there is still a portion of liquid 
remaining. This portion is the mother ley. 

t Diss. de Magnesia Alba. 

§ Obs. Phys. Chim. 1722, pp. 105 and 177. 

1 Opus. i. 365. 


II Opus. ii. 20. 
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solution of carbonate of soda added. The magnesia is precipi- 

tated in the state of a carbonate. It is then to be washed with ^ — 1 

a sufficient quantity of water, dried, and heated to redness. 

Magnesia, thus obtained, is a very soft white powder, which 
has very little taste, and is total|y^destitbte of smell. Its specific 
gravity is about 2*3.* It converts vegetable blues to, green. 

Davy, after his decomposition of potash and soda, was 
naturally led to consider magnesia also to be a metallic oxide. 

He succeeded in decomposing it by the same process by which 
he decomposed the other alkaline earths. When moistened 
magnesia is exposed to the actibn of galvanism in contact with 
mercury, the earth is reduced, and *its base amalgamated with 
mercury much more slowly than the other alkaline earths; 
owing probably to its insolubility in water. The process 
succeeds mjuch more rapiiiiy M^hen moistened sulphate of mag- 
nesia is substituted for the pure earth. To the base of magnesia 
thus obtained, Davy gave the name of magnesium. 

Magnesium is a white solid*metal, having the appearance of Magnoium. 
silver; sinks rapidly in water* atid of course is considerably 
heavier than that liquid. When tlie amalgam of magnesium 
is distilled in a glass tube filled with the vapour of naphtha, 
the metal appears to act upon the glass before the whole of the 
mercury is separated from it. Of course it is difficult to obtain 
it in a sUite of purity. W^hen exposed to the air it rapidly 
absorbs oxygen, and is converted into magnesia. . It decom- 
poses water, separating the hydrogen, and combining with the 
oxygen ; but not nearly *so rapidly asTthe other metals obtained 
from the alkaline earths ; owing, doubtless, to the insolubility 
of the magnesia in water. But when the water is acidulated 
with sulphuric acid, the dec«mposition of water and the forma- 
tion of magnesia goes on with great rapidity. ' 

M. Bussey has lately announced that by passing the vapour Properties, 
of potassium over the chloride of magnesjum, heated to redness 
in a porcelain tube, the magnesium is disengaged and may be 
collected on a filter. It is in the state o/ brown flocks, which 
when rubbed in an agate mortar assume the metallic lustre, 
and resemble lead in appearance. According to Bussey, mag- 
nesium is not attacked by dilute nitric acid, but it is dissolved 
by muriatic acid. Witen heated before the^ blow-pipe it takes 

* Kirwan’s Miner, i. 8. 

1- Davy’s Electro-chemical Researches on the Decomposition of the 
Earths, &c. Phil. Trans. 1808. 



448 • 


SIMPLE ALKAIJFIABLE BASES. 


Chap. III. 


Magncbia. 


How detect- 
ed. 


fire, and is converted into magnesia.* I am not aware that 
this experiment of Bussey has been verified by any other 
chemist. 

II. We are at present acquainted with only one oxide of 
magnesium; namely, t^iagnesit^. 

Magnesia occurs in considerable quantity in the state of 
anhydrous carbonate. A whole range of low hills consisting 
of it is said to exist in India. In serpentine rocks it occurs in 
the state of a hydrate, composed of 1 atom magnesia and 1 atom 
water. Fine specimens of this hydrate occur at Swinaness in 
Unst, one of the Shetland islands, where it was ’discovered by 
Dr. Hibbert, traversing the serpentine, in veins. It occurs also 
at Hoboken in New Jersey. It occurs also in the state of a 
hydro-carbonate, a silicate, bisilicate, and tersilicate, and enters 
also as a constituent into a considerable number of minerals, in 
^ which it exists in the state of double or triple salt. 

Magnesia is not melted by the strongest heat which it has 
been posssible to apply; but Mr. Darcet observed that, in a 
very high temperature, it became somewhat agglutinated. 
When formed into a cake with water, and then exposed to a 
violent heat, the water is gradually driven off, and the magnesia 
contracts in its dimensions; at the same time, as Mr. Tingry 
informs ns, it acquires the property of shining in the dark when 
rubbed upon a hot iron plate. Dr. Clarke, by a stream of 
oxygen and hydrogen gases, fused it with great difficulty into 
a white enamel. 

Butini of Geneva shoNved, mafiy years ago, that carbonate 
of magnesia is soluble in water, and more soluble in cold than 
in hot water. The subject was taken up about ten years ago 
by Dr. Fife of Edinourgh, who « ascertained that at 212°, 1 
part of magnesik requires 36,000 parts of water to dissolve it, 
but at the temperature of 60°, 1 part of magnesia requires for 
solution only 5760 parts of water. Carbonate of magnesia is 
soluble in 2493 parts of cold, and requires 9000 parts of boil- 
ing hot water to dissolve it.f 

1. Caustic magnesia does not solidify water like barytes, 
8tr99tiaa, and lime ; hence it does not become hot when water 
is tl^wn.jan it. Neither does it absorb carbonic acid gas from 
theiplhiosphere. It has a strong affinity for silica. Dr. W^ol- 
lastoh first pointed out a ix^^Pd of detecting the presence of 
the minutest quantity of, in minerals. His method 


* Poggendorf’s Annals, xiv. 181. 


f Edin. Jour, v. 305. - 
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is as follows : Dissolve in a watch glass a minute frj^ment of 

the mineral.* Render the solution neutral by cautious eva--- — 1 

poration; then while hot add a little oxalate of ammonia to 
precipitate any lime which it may contain. Let the precipitate 
fall, and take a few drops of tliMclear liquid and put them on 
a slip of window-glass. Add a drop or two of bicarbonate* of 
ammonia, and afterwards a drop or two of biphosphate of 
ammonia. Then draw a little of the clear solution to one side 
with a glass rod, and trace any letters or lines across it with a 
glass rod. Qp exposing it to a gentle heat, white traces will 
be perceived wherever the rod Vas applied. 

It has been ascertained that sulphate of magnesia (abstract- 
ing the water) is a compound of 

Sulphuric acid . . 6 

Magnesia * . . 2*5 


7-5 

Now the salt is neutral, and consequently the atomiq weight 
of magnesia is 2*5. From Davy’s experiments, it is clear that 
magnesia is a compound of 

1 atom magnesium . . 1*5 

1 <atom oxygen . . 1 


Consequently the atomic weight of magnhsium is 1'5. 

III. When magnesii^is Ijeated in chlorine giis it parts with chiorido. 
its oxygen, and is converted into chloride of magnesium. As 

this chloride possesses the characters of a salt, the account of it 
is deferred to the second volume of* thi% work. For the same 
reason the bromide and iodfde of magnesium^will occupy our 
attention afterwards. 

IV. Nothing is known respecting any compounds which 
magnesium may be capable of forming with hydrogen, azote, 
carbon, boron, silicon, or phosphftrus. 

V. No accurate experiments have hitherto been made upon suiphuret, , 
the formation of the suiphuret of magnesium. Berthier, who 
formed so many sulphurets by heating sulphates with^tdliarcoal, 

does not appear to have tried the sulphate of magmwia. ^f we 
mix hydrate of magnesia with, jiruter, and, pass a cuufeht of 
sulphuretted hy^ogen gas throy^h the Solution, as long as that 


* If it is not soluble it must be rendered so by previous fusion with car- 
bonate of soda. 


2 G 


I. 
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ch^. III. gas continues to be absorbed, filter the solution, and boil it in 
a retort, the uncombined sulphuretted hydrogen gas is driven 
oflF, and a white mucilaginous matter falls down, which is a 
sulphiiret of magnesium. The same sulphuret is obtained when 
hydrosulphuret of potash is ixxeA with a solution of sulphate 
of,magncsia. 

When caustic magnesia and sulphur are boiled in water, a 
sulphuret of magnesium is gradually dissolved. But the pro- 
cess is tedious, and yields a very small quantity of product. 
We do not succeed in forming a sulphuret vdien we heat 
magnesia and sulphur together in a crucible. The sulphur 
flies gS and leaves the ma^esia unaltered. 

VI. Nothing is known respecting the seleniet of magnesium 
or of the alloys which it may be capable of forming with the 
metals. 

’ The Oxides of these seven metals constitute the most 
powerful alkaline bodies. They all combine readily with acids, 
and forijn. salts. These salts b^ve been more completely in- 
vestigated than any others. An account of them will be given 
in a subsequent part of this work. All the chlorides, bromides, 
and iodides of these bodies are also salts. The order of the 
affinity of these bodies for acids is as follows : 

Barytes, Lime, 

StrondaB, Lithia ? 

Potash, Magnesia. 

Soda, 

But to this order there are some exceptions. For example* 
lime unites to oxalic ^acid in preference to any of the other 
bases, when they are all in solution together. 


FAMILY IL— EARTHY BASES. 

The six bodies belonging to this ffimily, when united to 
oxygen, form white, tasteless powders, insoluble in water, and 
foi&eiiy distinguished by the name of earths. It is now known 
thlil^l£w|lM. is no true distinction between earths and metallic 
oxides, dut the si^ bases included in tins family have so many 
properties in common, that it is proper to consider them 
together. And for want of a bettet name I have distinguished 
the femily by the term Eartiiy^ which was formerly applied to 
the oxides of these bases. 
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SECTION I. OP ALUMINUM. Family IL 

Sect. I. 

Alum is a salt which was known many centuries ago, and 

employed in dyeing, though its component parts were unknown. 

The alchymists discovered that it is cogiposed of sulphuric acid 
and an earth ; but the nature (AP4his earth was long unknown. 

Stahl and Neuman supposed it to be lime; but in 1728 Geoffrey, 
junior, proved this to be a mistake, and demonstrated, that the 
^arth of alum constitutes a part of clay.* In 1754, Margraff 
showed that the basis of alum is an earth of a peculiar nature, 
different from every other; aji earth which is an essential 
ingredient in clays, and gives them^their peculiar properties.f 
Hence this earth was called argil; but Morveau afterwards 
gave it the name of alumina^ because it is obtained in tlie state 
of greatest purity from alum. The properties of alumina were 
still farther examined by Macquer in 1758 and \1Q%X by 
Bergman in 1767 and 1771, § and by Scheele in 1776 ;11 notitT 
mention several other chemists who have contributed to the 
complete investigation of this* substance. A very ingenious 
treatise on it was published by Saussure, junior, in 180 l.f 

Alumina may be obtained by the following process ; His- Alumina, 
solve alum in water, and add to the solution an excess of car- 
bonate of soda, and digest the mixture for some tim^ to deprive 
the precipitated alumina of all the sulphuric acid with which 
it was united. Wash the precipitate with a sufficient quantity 
of water, dissolve it in muriatic acid, and precipitate the alumina 
from this solution by canbormte of ammonia. Digest the pre- 
cipitate for some time in carbonate of ammonia. Tlien wash it 
and dry it. Pure alumina is easily ^obtained from ammoniacal 
alum, simply by exposing it^to a strong»red heat. 

Alumina thus obtained assumes two very different appearances 
according to the way in which the precipitation has been con- 
ducted. If the earthy salt be dissolved in as little water as 
possible, the alumina has the appearance of a white earth, light, 
friable, very spongy, and attaching itself stfongly to the tongpie. 

In this state l^ussure distinguishes it by the name of spongy 
alumina. 

But if the salt has been dissolved in a great quantity .«f yrat6r, 
the alumina is obtained^ in a brittle transparent yello.w.i ^ipiiiiiftid 
mass, splitting in pieces like roll sulphur jM^hen httlcl in the 
* Mem. Par. 1 728‘, p. 303. « 

f Mem. Berlin, 1754 and 1759,*Mai^grafi^ ii. 1. t Mem. Paris- 
§ Bergman, i. 287, and v. 71. 

II Scheele, i. 191, French Transl. ^ Jour. dePhy8.1ii. 289- 
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Chap. 111. 


Method of 
obtaiiting 
alum mum. 


hand. Its fracture is smooth and conchoidal ; it does not 
adhere to the tongue, and has not the common appearance of 
an earthy body. In this state Saussure gives it the name of 
gelatirums alumina,* 

Davy was naturally led b3jfcJ>is previous discoveries to con- 
si<Jer alumina as a metallic oxide. His experiments leave little 
doubt on the subject, though he did not succeed in obtaining 
the metal in a separate state. AVhen potassium is passed 
through alumina heated to whiteness, a considerable propor- 
tion of it is converted into potash, and gray mejallic particles 
are perceived in the mass, which effervesce in water and are 
converted into alumina. "^When a globule of iron is fused by 
galvanism in contact with moist alumina, it forms an alloy with 
aluminum. It effervesces slowly in water, being covered with 
a white powder.f To this metallic' basis Davy gave the name 
>of aluminum. 

But it is to Wohler that we are indebted for a method of 
obtaining aluminum in a state of purity, and for determining 
its properties.^; 

Professor CErsted first discovered that when dry alumina is 
intimately mixed with charcoal powder, and a current of dry 
chlorine gas is passed through the mixture while heated to 
redness in a porcelain tube, an anhydrous chloride of aluminum 
is formed.§ To form this chloride the best process is to mix 
intimately hydrate olf alumina Veil washed and dried with a 
quantity of charcoal powder, sugay, an,d oil, to make the whole 
up into a ball, and to heat it ii* a covered crucible till the 
sugar and oil are decomposed. The black matter thus obtained 
is put into a porcelain otube, and a current of dry chlorine gas 
passed over it while heated to redhess. The chloride of alu- 
minum sublimes and gradually obstructs the farther extremity 
of the porcelain tube. It is a solid crystalline body having a 
pale greenish yellow colour, semitransparent, and in plates. 
In the air it smokes feebly and soon deliquesces. When thrown 
into water it dissolves with the evolution of great heat. It is 
volatilized at a temperature not much higher than that of boiling 
water, and it fuses at a heat not very different from that at 
which’ it is volatilized. It was by decomposing this chloride 
thit Wohler obtavied pure aluminum. His method was as 
follows : 

* Jour, de Phys. lii. 290. -f' Elements of Chemical Philosophy, p. 353. 

t PoggendorTs Annalen. xi. 146. 

$ Schweigger’s Jahrbuch, xv. 368. 
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Some pieces of potassium, well freed from naphtha, are put 

into the bottom of a porcelain or platinum crucible, over which !_ 

nearly an equal volame of chloride of aluminum is put. The 
lid of the crucible should be tied down, with an iron wire. 

The crucible is now heated by ^ spirit lamp, at first gently, 
and then more briskly. The greatest quantity of potassium 
employed was a piece about the size of a pea. At the instant 
of decomposition a very violent heat is evolved, which raises 
the crucible instantly to redness. The matter in the crucible 
is fused and of a grayish-black colour. When quite cold it is 
plunged into *a large vessel filled with water to remove the 
potash, and weaken its action so as 1 k) prevent it from acting 
on the aluminum. During the solution a little fetid hydrogen 
gas is exhaled, and there remains undissolved a gray powder, 
which viewed by a microsctope in the sun, appears to consist of 
small metallic plates. The water is drawn off, and new water 
being added, the aluminum is collected on a filter, washed, and 
dried. • 

Aluminum in this state has af great resemblance to pTatinum. Propcrtic*. 
Wlien burnished it assumes the metallic lustre and the splendour 
of tin. When rubbed in a mortar the scsdes admit of compres- 
sion, and then constitute larger scales, so that in all probability 
it is a malleable metal. It is not fusible at the temperature at 
which cast-iron melts. W’^hen exposed to a strong heat sur- 
rounded with charcoal powder it undergoes no alteration. In 
powder it is a non-conductor of electricity ; but iron is also a 
non-conductor w'hen in powder, as udien reduced from oxalate 
of iron by heat. When heated to redness it takes fire, burns 
with extreme splendour, and is converted into alumina, which 
by the violence of the heat, lif the combustion be in oxygen, is 
fused into a button hard enough to cut'glass, almost as hard as 
sapphire. 

It is not oxidized in water at the common temperature of 
the air, and water may be evaporated oflF aluminum without 
altering it ; but when that liquid is raisecT to the boiling tem- 
perature the aluminum begins to decompose it, and hydrogen 
gas is given out slowly. But this process is very slow and 
imperfect. At tlie ordinary temperature aluminum is not 
attacked by concentrated sulphuric acid nor by nitric a^d. 

But when heated it dissolves rapidly in tKe former of these 
acids, sulphurous acid being evolved. It dissolves in dilute 
sulphuric acid, and in muriatic acid with the evolution of 
hydrogen gjas. It dissolves with the evolution of hydrt^en gfas 
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in very dilute solutions of potash, and even of ammonia, and 
the quantity of alumina which that alkali can dissolve in this 
way is very great. When heated in chlorine gas it takes fire 
and is converted into chloride of aluminum.* 

II. So far as is known at present, aluminum unites with 
only one proportion of oxygen, and forms the base usually dis- 
tinguished by the name of alumina. 

Alumina is a fine white-coloured powder destitute of taste 
and smell, but adhering strongly to the tongue. It is insoluWc 
in water and alcohol ; but dissolves readily in caustic alkalies, 
and in a small degree it is solvble in ammonia, hnd even car- 
bonate of ammonia. It dissolves slowly in sulphuric acid when 
assisted by heat, forming a colourless solution. When sulphate 
of potash is mixed with this solution, octahedral crystals of 
alum gradually form in it. It dissolves also in muriatic acid 
when digested in it for some time, even after having been 
ignited. 

Alumina, when exposed to a..very violent lieat, produced by 
directing a stream of oxygen gfts upon burning charcoal, under- 
goes a commencement of fusion, and is converted into a white 
enamel, semitransparent, and excessively hard.f If we put 
any confidence in the calculation of Saussure, the temperature 
necessary for producing this effect is as high as 1575® Wedge- 
wood.J Thh specific gravity of anhydrous alumina is 4*200.§ 
I have shown by ^experiments, which I consider as decisive, 
tliat the atomic weight of alumina is 2 '25. || It is obvious from 

many circumstances that'^it is a cCmphimd of 

1 atom aluminum . . 1'25 

1 atom oxygen . . 1 


2*25 

So that the atomic weight of aluminum is 1'25. 

Though alumina be insoluble in water, yet its affinity for 
that liquid is very considerable. When dry alumina is exposed 
to a moist atmosphere, it speedily increases in weight (by 
absorbing water) 15 per cent. There is a white stalactitical 
lookipg mineral called Gibsite, found in North America, which 
is a hydrate of alumina composed of • 

f 

* Wohler, Poggendorfs Annalen. xi. 155. 
f Morveau, Jour, de TEcole Poljtechnique, I. iii. 299. 

X Jour, de Phys. 1794^. § Annals of* Philosophy (2d series), iiL 392. 

II Ibid. 161; First Principles! i. 287. 



ALUMINUM. 


455 


1 atom alumina . . 2*25 

1 atom water .■ . 1*125 

3*375 

When alumina precipitated from its solution in potash by 
neutralization and ammonia alirf well washed, is allowed to 
dry in the open air in a temperature of about 60®, it is converted 
into a dry mass composed very nearly of 

1 atom alumina . . 2*25 

2 atoms water . . 2*25 


4*5 

When this bihydrate is dried in a temperature of 100° it is 
converted into a simple hydrate. Bihydrate of alumina occurs 
also native, and so does a mineral called diaspore which is a 
dihydrate of alumina, or a compound of 

2 atoms alumina . . 4*5 

1 atom water , . . 1*125 


5*625 

Alumina is one of the weakest of all the bases. It even 
seems to perform the functions of an acid in certain combina- 
tions which occur in the mineral kingdom. Thus spineU is a 
compound of 1 atom magnesia and 6 atoms ahimina. The 
magnesia is obviously the hasp and the /ilumina is the acid. 
The affinity between alumina and magnesia is great Hence 
in chemical analyses we •some times get a compound of the two. 
It is easily distinguished from pure alumina by the property 

which it has of becoming hot when moistened with water.* 

• 

• Unverdorben has shown that^t forms definite compounds with several 
of the bases. He dissolved it to saturation in caustic potash, and then 
separated the compound by means of alcohol in which it is insoluble. He 
showed that it was a compound of 

Potash . . 47-87 or 6 

Alumina . .* 52*I»or 6*53 


100-00 

This is very nearly 3 atoms alumina and 1 atom potash. It is therefore a 
teraluminate of potash. When muriate of barytes is added to this ef|lution, 
aluminate of barytes falls composed of 

Barytes . . 69-83 or 9-6 

Alumina . . 40-17 or 6*38 


FamUr IL 
Sect. L 


PoMesflCf acid 
properties. 


100-00 
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III. The anhydrous chloride of aluminum has been already 
described in the former part ofthis section. Nothing has been 
ascertained respecting the bromide and Iodide of aluminum. 

IV. The combinations which aluminum may be capable of 
forming with hydrogen, azote, carbon, boron, and silicon, are 
unknown. 

.‘V. When aluminum is heated to redne.ss, when surrounded 
by an atmosphere of phosphorus, it takes fire and burns witii 
considerable brilliancy. The phosphuret is a powder of * 
grayish-black colour, and which, when burnished, acquires the 
metallic lustre and gives out the smell of phosjihhretted hydro- 
gen. W'hen put into water phos])huretted hydrogen is given 
out, which does not take fire in confcict with air.* 

VI. Sulphur may be distilled with aluminum without any 
combination taking place. But if, the vapour of sulphur be 
made to pass over aluminum at a strong red heat, the combina- 
tion takes place wdth a very vivid combustion. Sulphuret of 

aluminum is black, semi-metallic, and acquiring lustre when 
burnished. When left in the- air it emits a strong smell of 
sulphuretted' hydrogen, aifd falls at last into a grayish-white 
powder. W’hen put upon the tongue it gives a sharp and hot 
taste, with the flavour of sulphuretted hydrogen. W’^hen thrown 
into water it gives out sulphuretted hydrogen rapidly, and 
alumina precijjitates. When sulphate of alumina is heated to 
redness, and a current of hydrogjpn gas passed over it, the acid 
flies off and leaves the alumina unaltered.j 

VII. When aluminum»is mixed with selenium and heated 
to redness, a combination takes place with the evolution of heat. 
The seleniet is a black powder, which, when burnished, assumes 
somewhat of a metallic lustre. When thrown into water sele- 
nietted hydrogen is given out with rapidity, and the water 
assumes a red coloqr from the selenium disengaged.:); 

VIII. When arsenic and aluminum are mixed and heated 

It is therefore very nearly a teraluimnate of barytes. By muriate of lime 
the aluminate of lime may be obtained composed of 

Lime . . 35 66 or 3*5 

Alumina . . 64<'34 or 6*31 

100 00 . 

This also is nearly a teraluminate of lime. We see from this that alumina 
enters into definite compounds as an acid. See Poggendorf’s Annalen, 
vii. 323. 

* Wohler; PoggendorTs Annalen, xi. 160. f Ibid. 159. f Ibid. 160. 
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to redness they unite with a feeble evolution of heat. The ii. 

arseniet is a black powder, wh^h assumes the metallic lustre ' 
when burnished, and emits the smell of arsenietted hydrogen. 

When thrown into water it appears at first to undergo no 
change ; but at last begins to give out* arsenietted hydrogen. 

And when heat is applied the "evolution of this gas becomes 
rapid.* 

IX. When a mixture of tellurium in powder and aluminum xcUmet 
was heated to redness, a violent incandescence took place, and 

the whole matter was driven out of the tube with an explosion. 

This explosioh is avoided by onaploying tellurium in masses. 

Telluret of alluminum is a black, •brittle mass, having the 
metallic lustre. When exposed to the air it gives out' an 
unsupportable odour of telluretted hydrogen; and when thrown 
into water, gas is given out with rapidity. The water becomes 
red, then brown, and at last opaque, in consequence of the 
tellurium which separates. This telluret is decomposed more 
rapidly in water than sulphurot of aluminum itself.f 

X. Wohler did not succeed in combining antimony and 
aluminum by heating the two metals together. The other 
alloys of aluminum are still unknoM'n. 

SECTION II. OF GLUCINUM. 

The heryl is a transparent stone, of a green "colour, and a Hi»torr. 
considerable degree of hardness, whicli isdbund crystallized in 
the mountains of Siberia, and in many otlier parts. Vau- 
quelin analyzed this mineraf in 1798, at the request of Haiiy, 
to determine whetlier it was formed of the same ingredients 
with the emerald, as Ha’uy had conjectured from mineralogical 
considerations. The resulUof the analysis was a confirmation 
of the suspicions of Haiiy, and the discovery of a new earth, 
to which Vauquelin and his associates gave the name of glucina.\ 

The experiments of Vauquelin were >opeated by Klaproth§ 
and other eminent chemists. * 

To obtain glucina pure, the beryl or tlie emerald, reduced 
to powder, is to be fused with thrice its weight of potash. 

The mass is to be diluted with water, dissolved in muriatic 
acid, and the solution evaporated to dryness. The residuum 
is to be mixed with a*great quantity of water, and the whole 
thrown on a filter. The silica, which constitutes more than 
half the weight of the stone, remains behind ; but tlie glucina 

* Wohler; Poggendorf’s’Annalen, p. 160. f Ibid. p. 161. 

Ann. de Chim. xxvi. 155. * § Beitrage, iii. 215. 
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and the other earths, being combined with muriatic acid, 
remain in solution. Precipitate them by means of carbonate of 
potash. Wash the precipitate, and then dissolve it in sul- 
phuric acid. Add to the solution sulphate of potash ; evapo- 
rate it to the proper consistency, and set it by to crystallize. 
Alum crystals gradually forte. When as many of these as 
possible “iiave been obtained, pour into the liquid carbonate of 
ammonia in excess, then filter and boil the liquid for some 
time. A white powder gradually appears, which is glvcinci. 
Besides the beryl or emerald there are two other minerals 
which contain glucina; namely, euclaset and chrysoberyl. It 
occurs also in helvine. „ 

Glucina was reduced to the metallic state by Wohler ; by a 
process precisely similar to that employed for obtaining alumi- 
num.* During the reduction so great a heat is evolved that the 
platinum crucible in which it is performed becomes white hot. 

Glucinum thus obtained is a dark -gray powder ; which when 
burnished acquires the metallic Justre. It must be very diffi- 
cult of •fusion. It does not absorb oxygen at the ordinary 
temperature of the air, and it may be kept under water even 
at a boiling heat without undergoing any alteration. When 
heated to redness in air or oxygen g^s it burns with much 
splendour, and is converted into glucina, which, however, not- 
withstanding 'die violence of tlie heat, has not undergone fusion. 
It dissolves in concejitrated sulphuric acid with the assistance 
of heat, while sulphurous acid is evolved. It dissolves readily 
in dilute sulphuric acid, and in muriatic acid with the evolution 
of hydrogen gas ; and in nitric acid with the disengagement of 
deutoxide of azote. It dissolves also in potash ley, but not in 
anunonia. ' ^ 

II. So far as is known at present it combines only with one 
proportion of oxygen and forms glucina. 

Glucina is a soft light white powder, without either taste or 
smell ; which has the property of adhering strongly to the 
tongue. It has no hction on vegetable colours. Its specific 
gravity is 2*976.t It is insoluble in water, but forms with a 
small'quantity of that liquid a paste which has a certain degree 
of ductility. It does not combine with oxygen nor with any 
of the simple combustibles; but sulphuretted hydrogen dis- 
solves it, and fornlS with it a hydrosulphuret, sitniW to other 
hydrosulphurets in its properties.:^ 

• Ann. de Chini. et de Phys. xxxix. 78. 

I' Pkeberg, Ann. de Chim. xliii. 277. 


1 Fourcroy, iL 169. 



GLUCINUM. 


459 


Glucina is soluble in the liquid fixed alkalies, in which it a 
agrees with alumina. It is insoluble in ammonia, but soluble 
in carbonate of ammonia, in which respect it agrees with yttria; 
but it is about five times more soluble in carbonate of ammonia 
than that earth. It combines with all the acids, and forms 
with them sweet-tasted salts.* 

I have shown by experiments which appear to me* decisive, 
that the atomic weight of glucina is 3’25.f It is a compound of 

1 atom glucinum . . 2*25 

I atom oxygen . . 1 

3*25 

consequently the atomic weight of glucinum is 2*25. 

Hydrate of glucina is obtained when we precipitate the solu- 
tion of glucina in muriatic acid by ammonia added in excess. 

It is a bulky white powder, similar to hydrate of alumina. 
attempt has been made to 4®termine the quantity of water 
which it contains. • 

III. Chloride of glucinum was first formed by M. Henry chloride. 
Rose, by passing a current of dry chlorine gas over a mixture 

of glucina and charcoal, heated to redness in a porcelain or glass 
tube. The cliloride sublimes in the form of fine white needles. 

It is very volatile, and deliquesces speedily whftn exposed to 
the air. It was by heating, a mixture, of this chloride and 
potassium in a covered platinum crucible, that Wiihler obtained 
glucinum in the metiiHic state. Glucinum when heated in 
chlorine gas burns with much splendour, and is converted into 
chloride. , 

IV. When glucinum is Jieated in th!fe vapour of bromine it Bromide, 
takes fire, and is converted into bromide of glucinum. This 
bromide is in long white needles. It is very volatile, fusible, 

and dissolves in water with the evolution of much heat.:^: 

V. Glucinum burns equally when heated in the vapour of iodide 
iodine. The iodide obtained sutilimes irP long white needles. 

It resembles the two preceding compounds.§ 

VI. Nothing is known respecting the compounds which 
glucinum may be capable of forming with hydrogen, azote, 
carbon, boron, and silicon. 

VII. Glucinum burns when heated in the vapour of phos- wioiphuTei, 

* Hence the name glucina, from yXuK0;« tweet. 
t First Principels,i. 318. 

t Wohler ; Ann. de Chim. et de Phys. xxxix. 80. § Wohler ; ibid. 
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_ phorus. The phosphuret formed is gray, and when put into 
water phosphuretted hydrogen gas is evolved.* 

VIII. When glucinum is heated in the vapour of sulphur, 

It burns with almost as much splendour as in oxygen gas. The 
sulphuret is a gray mass whi^ has not undergone fusion. It 
dissolves^in water with dilficiiuy, and without the evolution of 
sulphuretted hydrogen. When put into acid liquids that gas 
is given out very rapidly. Wiihler could not succeed in his 
attempts to convert sulphate of glucina into sulphuret of glu« 
cinum, by heating it in hydrogen gas or sulphuretted hydro- 
gen gas. The sulphuric acid Was driven off, arid the glucina 
remained pure.f • 

IX. Glucinum when heated with selenium, combines readily 
with the evolution of much heat. The seleniet fuses and con- 
stitutes a gray mass, having a crystalline texture. }.t dissolves 
with difficulty in water, and the liquid becomes red from the 
selenium disengaged.:); 

X. When glucinum is heated* in contact with arsenic, light 
is evolved. The arseniet is a* gray powder, which has not 
undergone fusion, and which, when put into water, disengages 
arsenietted hydrogen gas.§ 

XI. Tellurium unites to glucinum without the disengage- 

ment of light. The telluret is a gray powder having the smell 
of tellur etted hydrogen, and disengaging that gas with rapidity 
when put into water.«|| * 

The remaining alloys of glucinum have not yet been 
examined. 


SECTION m. — OF YTTRIUM 

Some time before 1788, CaptaiiwArhenius discovered, in the 
quarry of Ytterby in Sweden, a peculiar mineral different from 
all those described by mineralogists. Its colour is greenish- 
black, and its fracture like that of glass. It is magnetic, and 
generally too hard to be scratched by a knife. It is opaque, 
except in small pieces, when it transmits some yellow rays. 
Its specific gravity is 4’237.^ A description of it was pub- 
lished by Geyer in 1788 in Crell's Annals, and by Rinman in 
his Miner's Lexicon. Professor Gadolin analyzed this mineral 
in 1794, and found^it to contain a new earth; but though his 

* Wohler; Ann. dejChim. et de Phys. xxxix. 81. Ibid. p. 80. 

t Ibid. p. 81. § Ibid. || Ibid. 

Gadolin, Crell’s Annals, 1796, i. 313.— Vauquelin, Ann. de Chim. 
xxxvi. 1 46. — Klaproth’s Beitrage, iii. 58. 
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analysis was published in the Stockholm Transactions for 1794, 
and in CrelPs Annals for 1796, it was some time before it 
drew the attention of chemical mineralogists. The conclusions 
of Gadolin were confirmed by Ekeberg in 1797, who gave to 
the new earth the name of yttrSa.^ They were still farther 
confirmed and extended by Vauquelin in 1800,f and, like\yse 
by Klaproth about the same time;:): and Ekeberg published a 
new dissertation on the subject in the Swedish Transactions 
for 1802.J Since that time it has been repeatedly examined 
by Berzelius^ who has shown that the yttria, as examined by 
Gadolin and Ekeberg, was not pure. He has himself suc- 
ceeded in separating it from most of the cerium with which it 
was contaminated, and has described its properties. || 

Hitherto yttria has been found only in the black mineral 
first analyzed by Gadolift, and hence called Gadolinite^ in 
which it is combined with black oxide of iron and the earth 
called silica ; and in yttrotantalite, which from the description 
of Ekeberg is a compound of *columbium and yttria, and a few 
kindred minerals. From the iirst, which is the most common, 
the yttria may be procured by treating the mineral reduced to 
powder with a mixture of nitric and muriatic acids, till it is 
completely decomposed ; then filtering the solution, previously 
evaporated nearly to dryness, and diluting it witji water. By 
this process the silica is left behind. The liquid which passes 
through the filter is to be evapo!*ated to drj^ness, and the residue 
heated to redness for a (jonsjderable time in a close vessel, and 
then redissolved in water and filtered. What passes through 
the filter is colourless ; wJien treated with ammonia a mixture 
of yttria and oxide of cerium falls. Heatjtliis powder to redness, 
dissolve it in nitric acid, amf evaporate to dryness to get rid of 
the excess of acid. Dilute with 150 parts of water, and put 
into the liquid a large excess of crystals of sulphate of potash. 
The crystals gradually dissolve, and aft^r some hours a white 
precipitate will appear. This ptecipitat^ contains the oxide 
of cerium. Repeat the process to be sure of getting rid of the 
oxide of cerium. Filter the liquid, precipitate the yttria with 
pure ammonia ; wash it well, and then heat it to redness.^ 

* CrelFs Annals, 1799, ii. 63. f Ann. de Chim. xxxvi. 143. 

J Ann. de Chim. xxxvi5.*36, and Beitrage, iii. 52. 

§ Kongl. Vetenskaps Acad, nya Handlingar, ISCfe, p. 68, and Jour, de 
Chim. iii. 78. 

II Annals of Philosophy, iii. 359. Af handlingar i Fysik, Kemi och 
Mineralogi, iv. 217, 235. 

t Berzelius, Afhandlingar, iv. 223. 
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Yttrium was first obtained in an isolated state from this 
earth by Wohler.* The process followed was precisely the 
same as that by which aluminum and glucinum were obtained. 
The yttrium was in the state of small scales, having the metal- 
lic lustre and the colour of iron. Its lustre is far inferior to 
th^t of aluminum. It is brittle, does not oxidize at the ordi- 
nary temperature in the air nor in water. When heated to 
redness it burns and is converted into yttria, and if the experi- 
ment be made in oxygen gas the splendour of the combustion 
can scarcely be surpassed. The yttria obtained is white, and 
exhibits evident marks of having been fused. Y ttrium dissolves 
-readily in dilute sulphuric acid, with the evolution of hydrogen 
gas. It dissolves with more difficulty in potash ley, and not at 
all in ammouia.*)- 

II. So far as is known at present! yttrium unites with only 
''ne proportion of oxygen, and forms yttria, which is a fine white 
powder, and has neither taste nor smell. It has no action on 
vegetable blues. It is much heavier than any of the other 
earths ; its specific gravity, according to Ekeberg, being no 
less than 4*842. 

It is insoluble in water; yet it is capable of retaining a 
great proportion of that liquid, as is the case with alumina. 
Klaproth ascertained, that 100 parts of yttria, precipitated from 
muriatic acid by ammonia, and dried in a low temperature, lose 
31 parts, or almost a third of their weight, when heated to 
redness in a crucible. Now this , los^ consists of pure water 
alone. It is not soluble in pure alkalies ; but it dissolves 
readily in carbonate of ammonia, and in all the other alkaline 
carbonates. It combines d^ith acids, and forms with them salts 
which have a sweet taste, and at th'fe same time a certain degree 
of austerity. 

The only person who has made experiments to determine 
the atomic weight of yttria, is Berzelius. He found the car- 


bonate of yttria a compound fif 

Carbonic acid 

2*75 

Yttria 

5*3825 

And the sulphate of 

Sulphuric acid 

5 

Yttria, 

5*4012t 

• * Ann. de Chinj^et de Phys. xxxix. 81. 

t Wohler; ibid. 


t Annals of Philosophy^ Hi. 359. An analysis of crystallized sulphate of 
yttria, made in my laboratory by Mr. Steel, gave 
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The first of these analyses gives us 5*38, and the second 5*400 

for the atomic weight of yttria. Wohler has shown that the 1 

yttria when obtained by Berzelius’s process is not quite free 
from potash, and that it contains also a trace of sulphuric acid.* 

It is clear, therefore, that the true atomic weight of yttria 
must be under these numbers. We cannot err very «aucha if 
we adopt 5*25 as the true atomic weight of this earth. It is 
obvious that yttria is a compound of 

1 atom yttrium . . 4*25 

J atom oxygen ^ . . 1 


5*25 

so that the atomic weight of yttrium is 4*25. 

III. Chloride of yttrium is easily obtained by passing a cur- chloride, 
rent of dry ’chlorine gas over a mixture of yttria and charcoal, 
exposed to a red heat in a porcelain or glass tube. It was first* 
formed by W^bhler. It has a strong resemblance to chloride of 
glucinum; being in white brilljaht needles, which easily melt 

into a crystalline mass. It is volatile, dissolves in water with the 
evolution of much heat, and speedily deliquesces in the air.f 

IV. The bromide and iodide of yttrium have not yet been 
formed. Doubtless they will resemble those of glucinum. 

V. Nothing is known respecting the compounds which 

yttrium may be capable of forming with hydrogen, azote, car- 
bon, boron, or silicon. * * 

VI. W^hen heated in .the yapour of phosphorus, it combines vhosphuret. 
with a lively combustion. The phosphuret is a grayish-black 
powder, which gives out phosphuretted hydrogen gas when 

put into water.:|: 

VII. It takes fire also when heated in tlie vapour of sulphur, suiphuret. 
The suiphuret formed is a gray powder, which is insoluble in 
water, and does not undergo spontaneous decomposition. But 
when treated with an acid, it dissolves with the evolution of 
sulphuretted hydrogen gas.J 

VIII. Selenium unites with yttrium when the two sub- seieniei; 
stances are heated together till the selenium fuses. A feeble 

Sulphuric acid . . & 

Yttria , ... 6-44 

Water . . . 3*J9 

This rather favours the notion that the atomic weight of yttria is 5'5. But 
the experiment will require repetition. It is excessively diiiicult to free 
yttria from all traces of cerium oxide, which dout^ess increases the weight. 

* Ann. de Chim. et de Pbys. xxxix. 82. f Wohler; ibid. p. 81. 
t Ibid. p. 84. § Ibid. p. 83. 
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incandescence takes place. The seleniet is black and does not 
decompose water, but when put into dilute acids it gives out 
selenietted hydrogen gas.* 

IX. Nothing is known respecting the alloys which yttrium 
may be capable of foriAing with the different metals. 

SECTION IV. OF CERIUM.f 

In the year 1750 there was discovered in the copper mine 
of Bastnas at Ridderhytta, in AVestmannland in Sweden, a 
mineral which, from its great weight, was for some time con- 
founded with tungsten. This mineral is opaque, of a flesh 
colour, with various shades of intensity, and very rarely yellow. 
Its streak is grayish white, and when pounded it becomes red- 
dish gray. It is compact, with a fine splintery fracture, and 
fragments of no determinate form moderately hasd; its spe- 
cific gravity, according to Cronstedt, 4*988, J according to 
Klaproth 4*660, § according to Messrs. Hisingerand Berzelius, 
from 4*489 to 4*619. 1| This mineral was first examined by 
M. D’Elhuyar, the result of whose analysis was published by 
Bergman in 1784.5f It ascertained that the mineral in ques- 
tion contained no tungsten. 

No farther attention was paid to this mineral till Klaproth 
published anomaly sis of it in 1804, under the name of Ochroits^^^ 
and announced that it contained a new earthy to which he gave 
the name of ochroita. He sent* a specimen of this new product 
to Vauquelin, who made a few experiments on it, but hesitated 
whether to consider ochroita as an earth or a metallic oxide.’\-\ 
Meanwhile the mineral had undergone a still more complete 
examination in Sweden b^ Hisinger and Berzelius, who gave 
it the name of cerit; detected in it a peculiar substance, which 
they considered as a metallic oxide, and to which they gave 
the name of cerium^ from the planet Ceres^ lately discovered 
by Piazzi.:|:t: But the attempts of these chemists to reduce the 
supposed oxide to the metallic state were unsuccessful. Nor 

* Wohler; Ann, de Chim. et de Phys. p. 84. 

f I have placed cerium immediately after yttrium, because the properties 
of yttria and protoxide of cerium are identical, I never had an opportunity 
of making any experiments on yttria till the winter of 1829, when I 
was lucky enough to ^procure a few ounces of gadolinite from which I ex- 
tracted it. The close resemblance between its properties and those of 
protoxide of cerium st|*uck me with astonishment. 

^ Gehlen^s Jour^0^. § Ibid. || Ibid. ii. 398. 

f Opusc. vi. 109^ ' ** Gehlen’s Jour, ii. 203. 

Ann. de Chim. 1. 140. || Gehlen’s Jour. ii. 297. 
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were the subsequent trials of Oahn, to reduce it by violent 

heat along with charcoal, or to alloy it with other metals, — 

attended with greater success.* Vauquelin re-examined it ; 
but his attempts were only partially successfuLf They demon- 
strate, however, that the substance iA question is a metal; 
though from its refractory nature, and its volatility, only minqte 
globules of it were obtained. 

In 1814 a new set of experiments on it were published by 
L.augier. J He appears to have reduced it to the metallic state, 
but, instead ^f the pure metal, obtained only a carburet. 

Hisinger had previously endeavoured to determine the com- 
position of its oxides.§ * 

To obtain the metal, the combination of oxide of cerium 
with tartaric acid was mixed with some lamp-black and oil, 
and exposed to the violenf heat of a forge in a crucible lined 
with charcoal, and enclosed in anotlier filled with sand. Onljfc 
a small metallic button was obtained, not exceeding the fiftieth 
part of the oxide of cerium Exposed to heat. It was white, 
brittle, dissolved with great (fifficulty in nitro-muriatic acid, 
and proved a mixture of iron and cerium. Another attempt 
to obtain the metal by heating its tartrate in a porcelain retort 
was not more successful. Most of it was dissipated, small 
globules only remaining, which proved as before, a mixture of 
cerium and iroii.|| 

Laugier has shown that oxdlic acid pfecipitates the whole 
of the oxide of cerium, ^and^ thus separates it from iron. He 
employed the oxide from the oxalate, and exposed it to a strong 
heat made up into a paste with oil. He affirms that it is not 
volatile. But an experiment made*in i^r. Children’s labora- 
tory demonstates the contrary. Oxalate of ceriiun, which I 
had prepared, was exposed to the heat of a furnace, urged by 
bellows in a crucible of charccKil : it was completely volatilized.if 

Mosandef has shown that cerium may be obtained in the cenum. 
metallic state, by the same process whic^ succeeds with alu- 
minum, glucinum, and yttrium. He heated the chloride of 
cerium mixed with potassium in a platinum crucible. The 
decomposition was attended with the evolution of much heat. 

The gray mass obtained being washed in water, metallic cerium 

t 

* Gehlen’s Jour. iii. 217. -f- Ann. de thim. iv. 2S. 

t Ibid. Ixxxix. 317. 

$ Memoirs of the Stockholm Academy for Annals of Philoso- 

phy, iv. 356. 

II Ann. de Chim. liv. 69. 5 Annds of Philosophy, U. 14-7; 

I. 2 H 
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Properties. 


2. Protoxide. 


remains under the form of a gray powder, having the metallic 
lustre.* The other properties of this metal have not yet been 
determined. 

I. Cerium combines with two proportions of oxygen, and 
forms two oxides. The protoxide is white and forms salts, 
having a.light flesh colour. The peroxide has a reddish brown 
colour. , 

To procure peroxide of cerium in a state of purity, the 
Swedish chemists employed the following method : The 
mineral was reduced to a fine powder, and digested in nitric 
acid till every thing soluble was'taken up. The solution being 
decanted off is evaporated ‘to dryness, and the residue dissolved 
in water. Into this solution ammonia is poured, till every 
thing precipitable by means of it is thrown down. Tliis pre- 
cipitate being well washed is redissolved in nitric- acid ; the 
^cid is neutralized ; and then tartrate of potash^ is added to 
the solution. The precipitate which is separated being heated 
to redness, and well washed with vinegar, and dried, is pure 
peroxide of cerium. J We may also precipitate the oxide of 
cerium from the nitric acid solution, by means of oxalate of 
ammonia. 

The peroxide thus obtained has a reddish brown colour, is 
tasteless, and^may be exposed to a strong heat witliout alter- 
ation ; but when strongly heated in a charcoal crucible it is 
volatilized. It dissolves in acidw, though not very readily ; the 
solution has a reddish brown colour. When we digest it in 
muriatic acid, chlorine is disengaged, and the solution at first 
brown becomes gradually less and less coloured, till at last it is 
white, or at least has only ‘a light shade of flesh red. By this 
process it is gradually converted into protoxide. This protoxide 
may be precipitated in the state of a white powder by an alkali. 
But it is best to throw it dawn by carbonate of ammonia. It 
is then a white, light, tasteli^Ss powder in small scales. It is 
not altered by keeping, andt-dissolves readily in acids. The 
salts which it forms have a sweet taste like those of yttria. 
They bear a close resemblance to the similar salts of yttria, so 
that it is not easy to distinguish the one from the other. The 
salts of cerium are apt to acquire a brown colour from exposure 
to the air, which is not the case with the salts of yttria. 

By a careful analysis of protosulphate of cerium, I found it 
composed of 

* Gmelin’s HandbuSli der Theor. Cbemie, i. 681. 

f A salt to be described hereafter. t Oehlen’s Jour. ii. 4pl. 
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Sulphuric acid . . 5 

Protoxide of cerium . . 7*25* 

Hisinger analyzed the protochloride of cerium, and extracted 
from a given weight of it 

Chlorine . • * 6’926 or 4*5 

Protoxide of ceriiun . . 10*01 or 6*5f , 

By my experiments the atomic weight of protoxide of cerium 
is 7*25, while by those of Hisinger it is only 6*5. I think it 
pbssible that in my experiment the weight of the oxide may 
have been a little overrated in consequence of the whole sul- 
phuric acid not having been disengaged. But certainly the 
error of Hisinger must be much farther on the other side. Till 
the point is settled by a new analysis of some salt of cerium 
upon a greater scale than it was in my power to make mine, 
in consequence of the very Small quantity of oxide of cerium in 
my possession, I am disposed to adhere to my own determina-* 
tion as certainly not far from the truth. J If the protoxide be 

a compound of * Atomic 

1 atom cerium • . 6*25 

1 atom oxygen . . 1 


7-25 

then the atomic weight of cerium will be 6-25, Hisinger, 
from some rather imperfect analyses of the carbonates of 
cerium^J has concluded that th^ oxygen ih the two oxides of 
this metal are to each other ^s 2 to 3. If this supposition be 
admitted (and it ought to be subjected to a new examination,) 

♦ First Principles, i. 382. f Annals of Philosophy, iv. 355. 

t Klaproth’s analysis of protocarbonate of cerium comes much nearer 
my numbers than those of Hisingef. He found the constituents 
Carbonic acid . . 23 or 2*75 

Protoxide . . 65 or 7-77 

Water . . ^ 12 

• 100 

§ He found the percarbonate of cerium composed of 
Carbonic acid . . 36*17 

Peroxide of cerium . . 63*83 


100-00 

Now if we consider this salt as a sesquicarbonate we^ shall obtain 7*28 for 
the atomic weight of peroxide. For 36*17 : 63*83 : ; 4*125 (IJ atom car-^ 
bonic acid) : 7*28. Now this considerably exceeds what woidd result from 
Hisinger’s analysis of the chloride of cerium. It is jpbvious from this that 
Hisinger’s results cannot be adopted till they are confirmed by new and 
more accurate experiments. 
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then the atomic weight of peroxide of cerium will be 7*75, and the 
constitution and atomic weight of cerium and its oxides will be 


Cerium. Oxygen. 

Cerium . . . . 

Protoxide 1 atdm + 1 atom 
Peroxide 1 atom + atom 


Atomic weight. 

6- 25 

7- 25 
7-75 


II. There are two chlorides of cerium ; but they have not 
hitherto been very carefully examined. The protochloride is 
obtained when the oxides of cerium are digested in muriatic 
acid till the solution becomes colourless. It cfystallizes with 
difficulty in 4- sided prisms, tx deliquesces in the air ; is very 
soluble in water and also "in alcohol, and the alcoholic solution 
burns with a yellow-coloured flame. 

The perchloride is a reddish yellow solution, which gelatinizes 
by cautious evaporation. It doei^ not crystallize, and when 
4 heated is gradually converted into protochloride. 

III. Nothing is known respecting the bromide- and iodide of 
cerium. Nor is any thing known about the compounds which 
it may be capable of forming with hydrogen and azote. 

IV. From the experiments of Laugier, it appears capable 
of combining with carbon. He obtained the carburet by heat- 
ing protoxide of cerium, made into a paste with oil, surrounded 
with charcoal in a retort. The carburet was a black matter 
which took fire spontaneously when exposed to the air.* 

V. No attempts 'have been* made to combine cerium with 
boron or silicon. 

VI. When a stick of phosphorus was put into a solution of 
cerium in muriatic acid, and kept for some days on a stove, the 
bottom and sides of the \nessel were covered witli a white pre- 
cipitate, and the phosphorus wa4^ covered with a hard brown 
crust, which was tenacious, and shone in the dark. When 
heated it took fire, and left -a small quantity of oxide of cerium. 
But this experiment did not succeed when repeated.f 

VII. For every, thing khown respecting the sulphuret of 
cerium we are indebted to Mosander. It may be prepared in 
two different ways. 1. By passing the vapour of bisulphuret 
of carbon over oxide of cerium heated to redness in a porcelain 
tube. The sulphuret obtained in this way is light and porous, 
and similar to rei^lead in colour. It is" not altered by exposure 
to the air, nor by water. 2. When oxide of cerium is mixed 
with aJJudine hepar in great excess, and exposed to a white 


* AnD.^e Chim. Ixxxix. 317. 
t Hiiiinger and Berzelius, Ann. de Chun. liv. 46. 
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heat in a covered crucible and the hepar afterwards washed out «• 

with water, a sulphuret of cerium remains in brilliant scales ‘ 
like mosaic gold in appearance. Both of these preparations 
are soluble in acids with the evolution of sulphuretted hydro- 
gen gas. Sulphuret of cerium, accofding to Mosander, is 
composed of 

Sulphur . . 26 or 2 

Cerium . . . 74 or 5*7 

100 * 

If this analysis be accurate, and^he compound examined a pro- 
tosulphuret it would follow from it /hat the atomic weight of 
cerium is 5' 7. This number approaches much nearer the 
determination of Hisinger than mine. But we must abstain 
from drawing conclusions ^till Mosander has laid his analysis 
before the public. 

None of tlie combinations of cerium with selenium or the* 
metals have been hitherto subjected to examination. 

SECTION V. OF ZIRCONIUM. 

Among the precious stones which come from the island of Hi*tory. 
Ceylon, there is one called jargon^ or zircon^ which is possessed 
of the following properties ; 

Its colour is various; gray, greenish-white, yellowish, red- 
dish-brown, and violet. It is often crystal^zed, either in right- 
angular quadrangular prisms surmounted with pyramids, or 
octahedrons consisting of double quadrangular pyramids. It 
has generally a good deal of lustre, at least internally. It is 
mostly semitransparent. Its hardness is inferior to that of 
sapphyr ; but greater than that of spintfll : its specific gravity 
from 4'416 to 4'7.-j- 

It loses scarcely any of its weight in a melting heat ; for 
Klaproth, who analyzed it in 1789, found that 300 grains, 
after remaining in it for an hour and a lialf, were only ^th of 
a grain lighter than at first.:); l?either it attacked either 
by muriatic or sulphuric acid, even when assisted by heat. At 
last, by calcining it with a large quantity of soda, he dissolved 
it in muriatic acid, and found tliat 100 parts of it contained 
31*5 of silica, 0*5 of admixture of nickel and iron, and 68 of a 
new earth, possessed of peculiar properties, wliich has received 
the name of zirconia, from tlie mineral in which it was detected. 

• Ann. de Chim. et de Phys. xxxiii. 109. + K^wan’s Miner, i. 333. 

t Jour, de Phys. Xxxvi. 180. 
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Owing probably to the scarcity of the zircon, nobody attempted 
to repeat the analysis of Klaproth, or to verify his discovery. 
In 1795 he published his analysis of the hyacinth^ another 
mineral from the same island, in which he also detected a large 
proportion of zirconia, expressing his hopes that it would induce 
chemists to turn their attention to the subject.* This analysis 
iifduce(f Guyton Morveau, in 1796, to examine the hyacinths 
of Expailly in France. Tliey proved similar to the hyacinths 
of Ceylon, and contained the proportion of zirconia indicated 
by Klaproth.f These experiments were soon after repeated, 
and the nature of the new earth still further exaitiined by Vau- 
quelin.J 

Zirconia has hitherto been found only in the zircon and 
hyacinth, and in three other minerals called sillimanite, eudy- 
alite, and polymignite. It may be obtained pure, by the fol- 
lowing process : Reduce the mineral to powder, mix it with 
'thrice its weight of potash, and fuse it in a crucible. Wash 
the mass in pure water till the whole of the potash is extracted ; 
then dissolve the residuum as far as possible in diluted muriatic 
acid. Boil the solution to precipitate any silica which may 
have been dissolved ; then filter and add a quantity of potash. 
The zirconia precipitates in the state of a fine powder. 

Berzelius succeeded in depriving zirconia of its oxygen, and 
obtaining th& base in an isolated state. To this base he has 
given the name of zirconium.^ , His process was as follows : 

The double salt called potash-fluate of zirconia^ is reduced 
to powder and heated to drive off All its water of crystallization. 
It is then mixed in an iron tube with potassium, the two sub- 
stances being introduced in alternate layers into the tube, it is 
heated sufficiently to 'melt the potassium, then the two sub- 
stances are well mixed by means of an iron wire. It is then 
shut and heated over a spirit of wine lamp till it begin to get 
red hot. The potassium deprives the zirconium of its oxygen, 
and the whole is converted iqto fluate of potash and zirconium. 
When cold it is thi'own into water ; the fluate of potash dis- 
solves, and the zirconium falls to the bottom in the state of a 
black powder. It must be well washed and dried. 

Zirconium thus obtained has a close resemblance to* charcoal 
powder. Though rubbed by a burnisher it does not acquire 

I 

♦ Beitrage^i. 231. f Ann. de Chiin. xxi. 72. 

i Ann. de Chim. xxxii. 158, and Jour, de Min. An. v. 97, 

§ Kongl. Vetens#^ Acad. Handl. 1824, p. 295. 

II This salt will be described in a subsequent part of this work* 
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the metallic, lustre. It is almost always mixed with some 

hydrate of zirconia; which causes it to burn when gently heated. — 

Berzelius recommends as the best way to get rid of that 
hydrate to put it into dilute muriatic acid, and leave it for 6 
or 8 hours at the temperature of about 100°. The acid gra- 
dually dissolves the hydrate without acting sensibly on the zir- 
conium. The zirconium thus obtained is to be washed, first* in 
a solution of sal ammoniac and afterwards in alcohol. For when 
fvater is employed the zirconium passes along with it through 
the filter. 

When zirconium is thus puilfied it has some resemblance to 
plumbago in appearance ; being coinposed of brilliant scales. 

It is a non-conductor of electricity. When heated in hydro- 
gen gas or in vacuo it is not altered. It does not fuse even in 
a strong heat. When heated in the open air it takes fire long 
before it is red-hot, and burns quietly, being converted into 
zirconia which is perfectly white. W^hen it contains hydrate 
of zirconia it burns in an instant with a kind of explosion, 
which throws every thing out of the tube. W^hen mixed with 
chlorate of potash it takes fire when vdolently struck ; but burns 
without detonating. In fused nitre it does not burn at a heat 
below redness. When mixed with carbonate of potash it 
burns at the expense of the carbonic acid with a feeble disen- 
gagement of light. It burns also in melted borax, in conse- 
quence of the water which the Salt retains? For the same reason 
it burns when heated in the alkaline hydrates. 

It is not acted on at the ordinary ’temperature "of the atmo- 
sphere by sulphuric or muriatic acids. Even when long boiled 
in these acids the action is very smal|. Neither nitric acid 
nor aqua regia is capable •of dissolving it. But it dissolves 
readily in fluoric acid with disengagement of hydrogen gas, 

A mixture of fluoric and nitric acids dissolves it with great 
rapidity. It does not dissolve in paustic alkaline leys. 

II. We know only one compound w^ich it is capable of 
forming with oxygen ; namely, zirconia. 

This substance is usually obtained by decomposing the 
hyacinths of Expailly. If we heat these crystals to redness, 
and choose those only for our purpose which become transpar- 
ent and colourless, the* zirconia is exempt from iron. But if 
we take coloured crystals we obtain the zirconia contaminated 
with peroxide of iron. This oxide of iron may be removed by 
various processes. 1. If we dissolve the jmpure zirconia in 
muriatic acid and evaporate the solution till it be reduced to 
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centrated muriatic acid till it has dissolved all the iron, the 
residue will consist of a solution of pure zirconia in muriatic 
acid. From this pure salt the zirconia may be thrown down 
by ammonia, and calcjned. This process was contrived by 
Chevreul.* 2. The impure zirconia thrown down by ammo- 
nia is well washed, and then boiled in an aqueous solution of 
oxalic acid till the whole iron is dissolved. What remains, 
after being well washed, is oxalate of zirconia. When cal-- 
cined it leaves the zirconia in a state of purity. This process 
was contrived by Messrs. Dubois and Silveira.f 3. A satu- 
rated solution of sulphate, of potash is poured into the neutral 
solution of zirconia. This salt deprives the zirconia of a por- 
tion of its acid, and throws it down in the state of an insolu- 
ble subsalt. When washed and digested in hydrate of potash 
or soda, pure zirconia is obtained. This process was contrived 
by Berzelius.:]; 

Properties. Zirconia, thus prepared, has tljje form of a fine white powder, 
which feels somewhat harsh wlaen rubbed between the fingers. 
It has neither taste nor odour. It is infusible before the blow- 
pipe ; but when heated violently in a charcoal crucible it 
undergoes a kind of imperfect fusion, acquires a gray colour, 
and something of the appearance of porcelain. In this state 
it is very hard, its specific gravity is 4’3, and it is no longer 
soluble in acids. 2l!iirconia is insoluble in water ; but it has 
a considerable affinity for that liquid. When dried slowly, 
after being precipitated firom a solution, it retains about the 
third of its weight of water, and assumes a grayish yellow 
colour, and a certain degr^.e of semi-transparency, which gives 
it some resemblance t<*i common g^ue. It is insoluble in liquid 
alkalies, neither can it be fused along with them by means of 
heat ; but it is soluble in alkaline carbonates. 

After ignition, zirconia is insoluble in acids, except con- 
centrated sulphuric acid, by (digestion in which it may be dis- 
solved. It recovers dts solubility likewise, when ignited with 
potash. The hydrate of zirconia (in which state it is procured 
when precipitated from its acid solutions by ammonia, and 
dried without artificial heat,) is a white, bulky, semigelatinous 
matter, which dissolves readily in acids'while moist, but after 
being dried its solution goes on very slowly. It contracts 

* Ann. de Chim. et de Phys. xiii. 245. f Ibid. xiv. 1 10. 

t Traits de Chimie, ii. 387. 
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much in drying. When heated it begins to glow like a live 
coal when the temperature is raised nearly to redness. This 
hydrate dissolves in small quantity and very slowly in car- 
bonate of ammonia. It is insoluble in the fixed alkaline ear- 
bonates. But if we precipitate a salt of zirconia by carbonate 
of potash, and add an excess of this carbonate, the precipitate 
redissolves. The experiment succeeds still better with the 
bicarbonate of potash than with the carbonate. 

• The only experiments hitherto made to determine the atomic 
weight of zirconia are those of Berzelius. He found neutral 
sulphate of zirconia composed «f 

Sulphuric acid . . 'lOO or 5 

Zirconia . . . 75-853 or 3*7926 

Now if this salt be composed of an atom of each constituent, 
it is obviou,^ that the atomic weight of zirconia is 3-7926.* 

He attempted to analyze the hydrate of zirconia, dried at 
the temperature of 140° ; but its tendency to absorb moisture 
after ignition was so great, that he succeeded but imperfectly. 
The greatest quantity of watet which he found united with 
100 zirconia was 15-4. Now if we were to consider this 
hydrate as a compound of 2 atoms zirconia to I of water, the 
atomic weight of zirconia would be 3-65. But no confidence 
can be put in this result for very obvious reasons. 

I attempted to determine the atomic weight ot zirconia by 
a rigid analysis of the pure hyacinth of Eicpailly. The result 
of the analysis was. 

Silica *. . • 33-32 

Zirconia . . 66-00 


*99-32 

But here the loss, amounting to 0*68 per cent, destroys the 
consequence which might otherwise be drawn from this analysis. 
If the loss be supposed to fall proportionally on the two con- 
stituents, and if the mineral be 9. simple' silicate of zirconia, 
the atomic weight of zirconia would be 3-%6. 

Berzelius analyzed the same mineral, and obtained 
Silica . . 33*48 

Zirconia . . 67-16 


100-64t 

But here there is an excess of 0-64 per cent, which gives to it 


nsmiir n. 

Sect.V. 


Atomic 

weight. 


* Kongl, Vet. Acad. Handl. 1824, p. 302. 


f Ibid. p. 306. 
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the same uncertainty as my deficiency. These numbers give 
4’011 for the atomic weight of zirconia. 

I think it not improbable, from these analyses, that the 
atomic weight of this substance may ultimately turn out to be 
4. Meanwhile the analysis of the sulphate of zirconia by 
Berzelius, which must be very near the truth, gives us nearly 
thfe number 3"75 as. the atomic weight. If zirconia be a com- 
pound of 

1 atom zirconium . . 2*75 

1 atom oxygen . . 1 • 


3*75 ■ 

then 2*75 must be the atomic weight of zirconium. 

III. When zirconium is heated in chlorine gas it takes fire, 
and is converted into a white fixed matter, which is chloride of 
zirconium. 

IV. Nothing is known respecting the combination of zir- 
conium with bromine and iodirife. Nor has it been ascertained 
whether it unites with hydrogen and azote. 

V. When zirconium is obtained by means of potassium, 
containing carbon, it seems to be in the state of a carburet. 
For when digested in muriatic acid it gives out a smell similar 
to that of cast-iron, when so treated. When calcined, the 
zirconia obtained is gray, and it is extremely difficult to burn 
out the carbon.* 

VI. Nothing is known •respecting the boret, silicet, or phos- 
phuret of zirconium. 

VII. Sulphuret of zirconium is obtained when zirconium 
and sulphur are heated in vacuo, or surrounded with hydrogen 
gas. At the instant of combination a feeble light is evolved. 
This sulphuret is a powder of a deep brown colour, which does 
not acquire lustre under the burnisher. It is insoluble in sul- 
phuric, nitric, and muriatic * acids. Aqua regia dissolves it 
slowly at a boiling* heat. Fluoric acid dissolves it rapidly, 
while sulphuretted hydrogen gas is given out. It is not dis- 
solved by caustic potash. When fused with hydrate of potash 
we obtain sulphuret of potassium and zirconia.f 

VIII. Nothing is known respecting" the seleniet of zirco- 
nium; nor have ahy experiments been made to determine 
whether it be capable of combining with the metals. 


* Berzelius. 


t Ibid. 
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SECTION VI. OF THORIUM. Family II. 

Sect. VL 

During Berzelius’s analytical experiments on gadolinite in 

1815, he obtained a small quantity of a white matter, which 
possessed peculiar properties, and to which he gave the name 
of thorina, considering it as the oxidte of a new metal. He 
afterwards ascertained that this supposed new earth wjb merely 
a phosphate of yttria.* But, in 1828, he<^ received from !]?ro- 
fessor Esmark, of Christiania, in Norway, a black mineral like 
obsidian, and having a specific gravity of 4*63. To this mine- 
ral Berzeliuij gave the name of tJiorite. It was discovered in 
syenite in the Isle of Lbv-on, near Brevig, in Norway, and is 
very scarce. This mineral Berzelius subjected to analysis, 
and he found it composed of the following substances : 


Thorina, . • . 

57*91 

Lime, ..... 

2*58 

Peroxide of iron, .... 

3*40 

Deutoxide of manganese. 

2*39 

Magnesia, . . • . 

0*36 

Peroxide of uranium. 

1*61 

Protoxide of lead. 

0*80 

Oxide of tin, .... 

0*01 

Silica, ..... 

18*98 

Water, ..... 

' 9*50 

Potash, . . • . . • . 

0*14 

Soda, ..... 

0*10 

Alumina, . .* . • . 

0*06 

Undecomposed matter, . 

1*70 


99.54t 


To obtain thorina from this mineral it was reduced to powder, ’^orina how 
and digested in muriatic acid. It became yellow, and. gave 
out chlorine, and finally dissolved. It \yas evaporated to dry- 
ness and redissolved in muriatib acid to«get rid of the silica. 

The muriatic acid solution was precipitated by caustic ammo- 
nia, which precipitated the thorina, still contaminated by vari- 
ous impurities. While still moist it was dissolved in muriatic 
acid. Through this solution a current of sulphuretted hydro- 
gen gas was passed, which threw down q little tin and lead. 

It was then evaporated to dryness by a gentle heat to get rid 


* Kong. Vet. Acad. Handl., 1824', p. 318. 
't' Poggendorfs Annalen, xvi. 387. 
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I^norium. 


Oxide, or 
thorina. 


of a little silica, which it still contained. The new solution 
was precipitated by caustic potash added in excess, and boiled 
with it, to dissolve a little alumina, which was mixed with tlie 
thorina. The new precipitate, thus freed from sUica, was dis- 
solved in muriatic acid,, and the solution being neutralized by 
caustic anunonia, as much sulphate of potash was added to it 
as ' it WM capable of dissolving. A fine white powder fell, 
which was collected on the filter and washed with a saturated 
solution of sulphate of potash. It was now dissolved in boil* 
ing water, and the solution being mixed with caustic potash, 
thorina was thrown down in the state of a white powder. It 
was washed and dried, and was pure, with the exception of a 
small quantity of oxide of manganese, which it was found 
impossible to separate. 

AVhen thorina is mixed with charcoal powder, aod heated 
to redness in a porcelain tube, while a current of dry chlorine 
is made to pass over it, chloride of thorium is obtained. When 
this chloride is heated with potassium, in a platinum crucible, 
or a glass tube, a slight detonation takes place, and heat, but 
no light, is evolved. A dark gray matter is obtained. When 
washed with water, a little hydrogen gas is given out, the 
chloride of potassium dissolves, and the thorium is left in a 
powder, having an iron gray colour, and metallic lustre. Like 
aluminum, it appears to be malleable. It is not oxidized by 
water, even when assisted by heat. Wlien gently heated in 
the open air, it takes fire and burns with very great splendour, 
being converted into thorina. Tlie earth thus formed is snow 
white, and exhibits no traces of fusion, notwithstanding the 
very high temperature during the combustion. 

When thorium is put into dilirte sulphuric acid, a strong 
effervescence, with the disengagement of hydrogen gas, takes 
place at first ; but this soon stops, even though the liquid be 
heated. Indeed, so slight is the action of dilute sulphuric 
acid on thorium, that we m»y employ that liquid to free it 
from the remains oi' thorina, with which it may be mixed. 
Nitric acid acts upon thorium with still less energy than sul- 
phuric acid. But muriatic acid dissolves it rapidly with the 
evolution of hydrogen gas, at least if we assist the action by a 
gentle heat. Thorium is not acted on by the caustic alkalies. 

II. The only c6mpound which thorium seems capable of 
forming with oxygen is thorina. To obtain this substance in 
the state of a hydrate, we have only to add caustic potash to 
the solution of thorina in an acid. 
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Hydrate of thorina is gelatinous, is speedily deposited, and 
contracts much while drying. When dried in the open air it . 
absorbs carbonic acid, it ought therefore to be dried in vacuo, Hjrdrate. 
by means of sulphuric acid. While moist it dissolves readily 
in acids, but it is much less soluble* when dry. The salts 
which it forms liave a styptic taste. This hydrate is insoluble 
in the caustic alkalies ; but it dissolves in^he carbonates, and 
the solubility increases with the concentration of these alkaline 
Solutions. It is more soluble in cold than in hot carbonate of 
ammonia. Ammonia does not precipitate thorina from a satu- 
rated solution in carbonate of ammonia, as it does zirconia. 
When strongly heated this hydrafe gives out its water, and 
the anhydrous thorina obtained is very hard and difficultly 
reducible to powder. In that state it is soluble in no acid 
except the sulphuric- T« obtain a solution, the earth reduced 
to a fine powder, must be digested for a long time in sulphur^ 
acid, diluted with half its weight of water. The excess of 
acid is then driven off, and the saline mass dissolves slowly in 
water. It is not rendered soluble in acids by calcining it with 
a caustic or carbonated alkali. When the alkali is extracted 
after such a calcination, the thorina cannot be washed with 
pure water, for it forms with it a milky liquid, which passes 
through the filter. ^ 

Thorina is distinguished from the other earths by the fol- 
lowing properties : 

1. Its sulphate is precipitated from its solution by raising it 
to a boiling temperature, and dissolves again, though slowly, 
in cold water. This property is peculiar to thorina. 

2. It is insoluble in caustic alkaline l§ys, which distinguishes 
it from alumina and glucinn. 

3. It forms, with potash, a double sulphate, which is soluble 
in water ; but insoluble in a saturated solution of sulphate of 
potash. This distingpiishes it from yttria. 

4. Zifconia forms a similar double sulphate with potash; 
but it is almost wholly insoluble in cold water. This distin- 
guishes it from thorina. Besides, the salts of thorina are pre- 
cipitated by prussiate of potash, which is not the case with the 
salts of zirconia. 

5. From the protoxide of cerium it is distinguished by not 
becoming red brown, but continuing white when it is calcined. 

And by not forming a coloured bead before the blowpipe 
either with borax or with biphosphate of soda. 

Berzelius, in order to determine the atomic weight of tho- 
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Chloride. 


Phosphurct. 


Sulphuret 


rina, made two successive analyses of the sulphate, which gave 
the following results : 

First. Second, 

Sulphuric acid, .5 . . 5 

Thorina, . . 8*46 . . 8*33 

By another analysis, the atomic weight came out 8*513. 
Wfe cannot err m^ch, therefore, if we fix upon 8*5 as the 
atomic weight of thorina. There is reason, from analogy, to 
conclude that thorina is a compound of ' 

1 atom thorium, . . 7*5 

1 atom oxygen, *■ . . 1 ' 


8*5 

On that supposition the atomic weight of thorium will be 7*5. 
The hydrate of thorina is a compound of 

1 atom thorina, . . 8*5 

1 atom water, . . 1*125 

III. Chloride of thorium is fosmed by the process described 
in the beginning of this section. Berzelius has given no 
account of its properties. Nor has it been analyzed. But 
there can be no doubt, from analogy, that it is a compound of 

1 atom chlorine, . . 4*5 

,l atom thorium, . . 7*5 


12 

so that its atomic weight must be 12. 

IV. No experiments have been made to determine the 
nature of the bromide and jpdide of thorium. Nor do we know 
whether it forms compounds with, hydrogen, azote, carbon, 
boron, and silicon. 

V. Tlie phosphuret is formed when thorium is heated in the 
vapour of phosphorus. The composition is accompanied by 
the evolution of light. The. phosphuret has a gray colour, 
and the metallic luAtre, and has some resemblance to plum- 
bago. It is not altered by water ; but when heated it takes 
fire, and is converted into phosphate. 

VI. Sulphuret of thorium is formed when a mixture of the 
two constituents is heated in a close vessel, and brilliant com- 
bustion accompanies the combination. The sulphuret is brown, 
acquires brilliancy when burnished, but never assumes the 
metallic lustre. When heated in hydrogen gas it imdergoes 
no alteration. When heated in the open air the sulphur 
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sublimes, and the thorium is converted into thorina; it is F““iiyni. 
scarcely acted on by sulphuric, nitric, or muriatic acid, even 
when the action is assisted by heat. Aqua regia dissolves it 
completely by the assistance of heat, and converts it into sul- 
phate of thorina. « 

VII. Nothing is known respecting the seleniet of thorium. 

Nor has any attempt been made to aUoy it^th other metals. 


FAMILY III. DIFFICULTLY FUSIBLE BASES. 

Tlie four mdtals which constitute this family will be described 
in the four following sections. 

SECTION I. OF IRON. 

Iron, the, most abundant and most useful of all the metals, Hutory. 
was neither known so early, nor wrought so easily, as gold, 
silver, and copper. For its discovery we must have recourse^ 
to the nations of the east, among whom, indeed, almost all the 
arts and sciences first sprung Up. The writings of Moses 
(who was born about 1635 years before Christ) furnish us 
with the amplest proof at how early a period it was known in 
Egypt and Phoenicia. He mentions furnaces for working 
iron* ** ores from which it was extracted :f and tells us, that 
swords, J knives, § axes, || and tools for cutting s'lone,^ were 
then made of that metal. How many ages before the birth 
of Moses iron must have been discovered in these countries, 
we may perhaps conceive, if Ve reflect, that the knowledge of 
iron was brought over from Phrygia to Greece by the Dac- 
tyii,#* settled in Crete during the reign of Minos I. 

about 1431 years before Christ; yet dflring the Trojan war, 
which happened 200 years after that period, iron was in such 
high estimation, that Achilles proposed a ball of it as one of 
his prizes during the games which he celebrated in honour of 
Patroclus. At that period none qf their weapons were formed 
of iron. Now if the Greeks in 200 yearS had made so little 
progress in an art which they learned from others, how long 
must it have taken the Egyptians, Phrygians, Chalybes, or 
whatever nation first discovered the art of working iron, to 
have made that progress in it which we find they had done in 
the days of Moses ? » 

* Deut. iv. 20. -j- Ibid. viii. 9. J Numb. xxxv. 16. 

§ Levit. i. 17. y Deut. xviii. 5. f Ibid, xxvii. 5 . 

** Hesiod, as quoted by Pliny, lib. vii. c. 57 , 



480 


SIMPLE ALKALIFIABLE BASES. 


Chap. III. 
Oi«i of iron. 


I. Iron is of a gray colour ; it is very rarely, found in the 
metallic state ; but the ores of it abound in almost every part 
of the earth. Forty-seven different species of iron ores have 
been described and characterized by mineralogists. But as 
far as metallurgy is concerned there are only two species or 
three at most from which the prodigious quantity of iron that 
occurs in commeisee is extracted. These are, 1st, magnetic 
iron ore, which occurs in g^eat abundance in Sweden and the 
north of Europe. It is a heavy mineral, having the metallic 
lustre, and being attracted by the magnet, and frequently 
magnetic. It is a compound 6f * 

1 atom protoxide of iron, . . 4*5 

2 atoms peroxide of iron, . . 10 


or it consists of 
Iron, 
Oxygen, 


14-5 

10-5 

4 


14-5 

It is from this ore that the Swedish and Russian iron is 
obtained. 

2. The ore from which the iron smelted in Great Britain 
is obtained fs a carbonate of iron, which constitutes either beds 
in the coal formation, or exists* in detached nodules in the slate 
clay which constitutes one of the most abundant of the beds in 
the coal formation. This ore is lighter than magnetic iron 
ore. Its colour is black or brow'n, or red, or gray, or even 
blue, and when exposed oto a red heat it loses about the third 
part of its weight, ft is composed of 

1 atom carbonic acid, . . 2*75 

1 atom protoxide of iron, . . 4*5 


♦ 7*25 

So that the greate^rt; quantity of iron ever contained in 100 
parts of this ore is 48*27 parts; whereas 100 parts of pure 
magnetic iron ore contain 72*41 parts of iron. Indeed the 
quantity of iron contained in the carbonate is seldom so much 
as 48 per cent.; because it is hardly ever pure, being mixed 
with clay, lime, ai*i even coal, in greater or smaller proportion. 
On that account it is usually distinguished among mineralogists 
by the name of clay iron ore. It has, however, the great 
advantage of occurring along with or near the fuel which is to be 
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employed in smelting it, and the processes requisite for extract- ***• 

ing iron from it are, comparatively speaking, easy. 

Bog iron ore and hematite or perhydrate of iron, and also 
the anhydrous peroxide or oligiste iron ore, are sometimes « 
also used as ores from which iron is^ extracted, but rarely if 
ever in this country. 

The smelting of iron in this country, to tl/e prodigious extent Extent of the 

. ..® .,. ® 1 manufecture 

to which It IS now carried, is comparatively recent, and can of iron, 
scarcely be dated farther back than 50 years. It seems to 
have owed its commencement to the armed neutrality entered 
into by the Russians, Swedes,»and Danes towards the end of 
the American revolutionary war. The quantity now annually 
smelted exceeds 600,000 tons, and the price has sunk to little 
more than 5 pounds per ton. The consequence of this low 
price has been an increasejJ consumption of iron beyond all anti- 
cipation, to the great benefit of the country and all the branches 
of trade and manufacture. The two great foci of the irdh 
manufacture in Great Britaii^ are the neighbourhood of Swan- 
sea and the country between Wolverhampton and Dudley in ' 
Staffordshire. But a good deal is also made in Shropshire, 
Yorltshire, Derbyshire, North Wales, and Scotland. Many 
improvements have been recently introduced into the smelting 
processes. 

The following is a short sketch of the methdd of smelting 
iron ore, practised in this couritry. , 

1st Process, Roasting. The ore broken into small pieces is i* Hoasting. 
mixed with small coal and 'laid to a heiglit of 6 or 7 feet on 
large pieces of coal ; forming a heap which is narrow, but as long 
as the ground will permit. I’he cpmbustion is begun at one 
end, and allowed to proceed Jill it reacheS the farthest extremity. 

The quantity of coal used in this process varies in different 
places according to the goodness of the coal. The most being 
1 ton of coal to 5 tons of ore, and the least 1 ton of coal to 8 
tons of ore. By this process th§ carbonic acid gas of the ore 
is driven off. The loss of weight varies frtAn one-fourth to one- 
third, according to the goodness of the ore. In general 3^ 
tons of the raw ore when roasted are reduced to 2^ tons. From 
this quantity of ore about 1 ton of cast-iron is generally obtained. 

2d Process, Smelting. This process consists in mixing the a smeiting. 
roasted ore with limestone and coke, and exposing it to a 
strong heat in a blast furnace. 

The furnace is a kind of cone from 36 to 60 feet in height, 
according to the extent of the work. Its most common height 
T. ■ 2 I 
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is 45 or 50 feet, of which the chimney constitutes one-fifth part. 
The diameter of the chimney varies from 4 to 6 feet. The under- 
most part of the furnace consists nearly of a square building. 
Then it swells out and is at its widest about one-third from the 
bottom, after which ita dimensions gradually contract to the 
chimney. It is built of good fire-brick, and is double to keep 
in'the heat. S. 

Limestone is used as a flux to separate the clay {alumina 
and silica) with which the ore is always contaminated. Foi 
lime has the property of uniting with clay and melting with it 
into a liquid glass. The proportion of limestone varies accord- 
ing to the goodness of the 6re. In general 2 j tons of the roasted 
ore require 19 hundred weight of limestone. Or in round num- 
bers 3 tons of unroasted ore require I ton of limestone. 

The coal, before it can be empleyed for smelting iron ore, 
requires to be coked. The method of coking usually followed in 
the neighbourhood of Glasgow is as follows : A brick chim- 
ney is built about 5 feet high. Large pieces of coal are ranged 
round it and smaller farther off‘ till a heap is formed 15 feet in 
diameter and about 4 feet high. The heap is then covered with 
small coal or ashes. The fire is kindled at the chimney ; open- 
ings being made here and there and again shut to regulate the 
combustion. It is allowed to continue about 24 hours, and is 
at last put out by throwing water on the heap. By this pro- 
cess the coal in our neighbourhood loses about half its weight. 
The same remark applies to the Staffordshire coal. But in 
Wales they use a kind of*" coal calfed culm, which yields 7 1 per 
cent, of coke. 

About 6 tons of coal are required to make one ton of cast- 
iron ; but the quantity varies in different places. In Scotland 
it was once as high as ten ton of coal for one ton of cast-iron ; 
but of late years the quantity has been greatly reduced. The 
reduction was accomplished by diminishing the pressure upon 
the air in the cylinders which constitute the bellows that blow 
the furnace, from 3^ lbs. per square inch to 1^ lbs. In South 
W^ales less coals are necessary than any where else on account 
of the goodness of the quality. 

The ore, the coke, and the limestone (broken into small 
pieces), are introduced into the furnace, after it has been kindled, 
in basketfuls, and fn the proportions just stated. The furnace 
is always kept full, and after being lighted it is never extin- 
guished till it requires to be repaired. The blast of air is driven 
into the furnace from large cylinders by means of a steam-engine. 
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Formerly these cylinders were plunged in water, and by this 

means rendered air-tight, but it has been found beneficial to — 

remove the water and keep the air dry. By the joint action of 
the lime and coke the ore is freed from its impurities which 
melt into a liquid glass ; while the iror/ deprived of its oxygen 
tumbles by its weight to the bottom of the ^furnace biplow the 
blast, where it accumulates in a melted stAte, and over which 
the scoriae or glass swims in a state of fusion. 

• The furnace is tapped every 24 hours, and the melted iron is 
allowed to run into large ingots called pigs in sand moulds. 

The scoriae flow out after the iron and are thrown away. By 
this process the iron is obtained in the state of cast-iron. Of 
this there are three qualities distinguished by the names of No. 

1, No. 2, and No. 3. Of these No. 1. is the most valuable in 
the state of cast-iron, and No. 3 the least valuable. The 
appearance of the scoriae enables us to distinguish which of 
these three varieties of cast-iron the furnace has yielded. 

The scoriae of No. 1, are uftiform in colour and appearance, 
glassy and feebly translucent. 

The scoriae of No. 2 are opaque, heavy, of a yellowish green 
colour, exhibiting bands of bluish enamel. 

The scoriae of No. 3 are black, vitreous, blebby, and give 
out the smell of sulphuretted hydrogen. 

The quantity of cast-iron made in a given time has of late 
years very much increased. A furnace ffom 50 to flO feet in 
height yields from 60 to 70 tons of cast-iron in the week. 

When the Clyde Iron W^orks near (Glasgow were first erected, 
the produce from two furnaces was only 1 5 tons per week. At 
present the same two furnaces yield *ab(j^t 90 tons a week. It 
is more difficult to obtain cas8-iron of the first quality in summer 
than in winter. 

3d Process, Rejining. When the cast-iron is intended to be s Refining, 
used in the state in which it is first obtained, the object of 
the smelter is to form No. 1, thoflgh this is not always in his 
power. But when all the iron smelted is to be converted into 
bar-iron, as in Wales, the cast-iron is always obtained in the 
state of No. 2. The composition of the scoriae in that case i& 
most commonly 

2 atoms silicate of lime, 

1 atom silicate of alumina. 

But there is usually present also some silicate of iron and sili- 
cate of magnesia. 

When cast-iron is to be converted into bar-iron it undergoes 
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4. I'uddling. 


three successive processes, the first of which is called refining. 
By this process it is converted into No. 3, or white cast-iron. 
6 pigs of cast-iron are put at once into the refining furnace, 
and covered with coke above and below. The whole is fused 
and kept in that state, for 24 hours. During this process a 
good depl of carbonic oxide gas is given out, as is obvious from 
tCe blue fiame. V, is then draw’ii from the furnace and cast 
into a cake 10 feet long, 3 feet wide, and tv^o and a half inches 
thick. It is then cooled with water. In this state it is white 
and very liard. Its fracture is fibrous or radiated, and it is often 
filled with spherical cavities. The scoriae from tl'iis process are 
obviously derived from impurities in the cast-iron and from the 
ashes of the coke. They are black, metallic, often fibrous and 
crystallized. A specimen of these scoriae analyzed by Bertliier 
M^as found to be a compound of 
, 1 atom phosphate of alumina, 

8|^ atoms silicate of iron. 

The loss sustained during this piocess A^aries from 12 to 17 per 
cent. For every ton of cast-iron refined, about 2 or 2^ tons 
of coke are employed. By this process the iron is freed from 
scoriae, and brought to the state of white cast-iron. When 
phosphoric acid is present, it appears from the analysis of the 
scoriae that i^ is got rid of by tliis process. 

4th Process, Puddling. This process, to whicJi the extent 
of the manufacture tf iron is attogether owing, was contrived 
by Mr. Cort, of Gosport, about the year 1 7 85. It lasts about 
two hours and a half. The white cast-iron, or fine metal^ of 
the last process, is put into a reverberatory furnace, in which 
it is arranged round , the* edges. Heat is supplied by the 
flame of pit-coal which is made Id play upon it. The metal 
softens ; it is stirred and gradually falls to pieces. The fire is 
then lowered, and the stirring continued till the metal is reduced 
to the consistence of sand. In this state much carbonic oxide 
is given out, and ffi® ‘evolution of this gas is perceived 

to be at an end the fire is raised and the stirring continued. 
The particles begin gradually to cohere together, or to work 
heavifi as the workmen term it. The operator now collects 
the iron into balls, and raises the heat to a welding tempera- 
ture. It is now taken out of the furnace, and either hammered 
or rolled into bars; during which process the scoriae are 
squeezed out and the iron left in a state of purity. 

The quantity of coal used in this process varies in different 
places. In Wales 10 tons of coals are consumed in puddling 
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9 tons of metal. The loss of weight sustained by the iron F^iiyiu. 

during the process varies from 8 to 10 per cent. The scorim ° ‘ 

formed are black, very heavy, and sometimes crystallized, and 
the shape of the crystals is that of pyroxene, according to 
the determination of M. Mitcherlich. * These scoriae are not 
always identical in their composition ; but m<»st commonly thqy 
consist of sesquisilicate of iron. ^ 

,5th Process, Welding. The iron after being drawn out into s. Welding, 
bars after the puddling is called mtU-har-iron. Its quality is 
still so bad thjit it is scarcely lit^for any purpose. To improve 
it the bars are heated red hot and cut in pieces by scissors. 

Four of these pieces are placed one above another in a reheat- 
ing furnace. In half an hour they begin to adhere. They 
are then drawn out into bars by means of a cylinder. When 
very good fron is required* as for anchors, this welding process 
is repeated. • 

ScorisB appear during this process. They are lamellar and 
steel-gray. In their cavities thqy contain crystals of pyroxene. 

They consist chiefly of sesquisilicate of iron with a little ses- 
quisilicate of alumina. 

The iron made in Great Britain is recommended by its 
cheapness, and answers very well for most purposes. But the 
purest iron is the Swedish, and the Russian, ksiown by the 
name of old sable. But iron is never absolutely free from 
foreign matter. I attempted to prepare some by reducing 
some pure peroxide of iron, which I hajl prepared, to the metallic 
state by passing a current of dry hydrogen gas over it, while 
heated in a porcelain tube. The process is easy ; but I was 
disappointed in the result. For I found that as soon as my 
pure iron was exposed to the air it took fire of its own accord, 
and was converted on the spot into red oxide.* 

I. Iron has a grayish colour and the metallic lustre, and, 
when polished, has a great deal of brilliancy. It has a styptic 
taste, and emits a smell when rulJbed. * 

Its hardness exceeds most of the metals ; and it may be ren- 
dered harder than most bodies when converted into steel. Its 
specific gravity is 7*843 by my trials.f 

* From the observations of Stromeyer it would appear that this pro- 
perty is owing to a small quantity of the protoxide ot'iron remaining in the 
mass unreduced. For he found iron completely reduced by hydrogen gas 
not to have the property of burning spontaneously when exposed to the air. 

See Poggendorf’s Annden, vi. 472. 

t Dr. Shaw states the specific gravity of iron at 7*645. Shaw’s Boyle, ii. 
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It is attracted by the magnet or loadstone, and is itself the 
substance which constitutes the loadstone. But when iron is 
perfectly pure, it retains the magnetic virtue for a very short 
lime. 

It is malleable in ^very temperature, and its malleability 
iijpreasec in propOTtion as the temperature augments ; but it 
cannot be hammered out nearly so thin as gold or silver, or 
even copper. Its ductility, however, is more perfect ; for it 
may be drawn out into wire as fine, at least, as a human hair. 
Its tenacity is such, that an irqn wire, 0*078 of an inch in dia- 
meter, is capable of supporting 449*34 lbs. avoirdupois without 
breaking.* When iron is drawn out into wire its strength is 
times greater than that of hammered iron. Iron, according 
to the experiments of Navier, begins to be elongated, and to 
alter its shape, when subjected to a force amounting to fds of 
that which is capable of breaking it or bursting it.t It is 
obvious therefore that iron boilers should never be exposed to 
so much as f ds of the force which is capable of bursting them. 

When heated to about 158° Wedgewood, as Sir George 
M‘Kenzio has ascertained, J it melts. This temperature being 
nearly the highest to which it can be raised, it has been impos- 
sible to ascertain the point at which this melted metal begins 
to boil and Iw evaporate. Iron is capable of crystallizing, and 
the shape of the crystals is the^regular octahedron. This also 
is the shape of the crystals of magnetic iron ore. 

II. When exposed tathe air,»its surface is soon tarnished, 
and it is gradually changed into a brown or red powder, well 
known under the name of rust. This change takes place more 
rapidly if the atmosphere be moist. It is occasioned by the 
gradual combination of the iron with the oxygen of the atmo- 
sphere, for which it\as a strong affinity. 

Iron decomposes water at the common temperature of the 

345. Brisson at 7-78^^. Mr. Hatchett found a specimen 7*700. On the 
Alloys of Gold, p. 66. Swedenburgh states it at 7*817. According to 
Muschenbroeck, hammered iron softened by heat is of the specific gravity 
7*600 ; the same hammered hot, becomes 7*7633 ; and the same hammered 
cold, becomes 7*875. Wasserberg, i. 168. 

* Rennie, Phil. Trans. 18 18, p. J26. English iron only supports a weight 
348*38 lbs. See Ailnals of Philosophy, vii. 320* Navier found that an 
iron wire 1 milli-metre (0.03937 inch) in diameter was broken by a weight 
of 90 lbs. avoirdupois. Ann. de Chim. et de Phys. xxxiii. 225. 
f Ann. de Chim. et de Phys. xxxiii. 225. 
i Nicholson?s 4to Jour,^ iv. 109. 
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air slowly, and almost imperceptibly. But at a red heat the “i- 
decomposition goes on with rapidity ; pure hydrogen gas being ' 
evolved in abundance. It is even capable of decomposing 
potassium when assisted by a sufficiently high temperature.* 

When iron wire, having a little cotton tied to its extremity, 
is plunged into oxygen gas while the cotton is injlames, it 
takes fire and burns with great brilliancy y 

As far as is known at present, iron combines with only two 
Jiroportions of oxygen, and forms two oxides, the protoxide and 
the peroxide.^ The protoxide has a dark blue colour ; the per- 
oxide is red. 

1. The protoxide of iron is foiTned whenever iron is dis- Protuxide. 
solved in diluted sulphuric or muriatic acids. It constitutes 
the basis of green vitriol, and is easily thrown down from the 
solution of that salt in water by an alkali. It falls in the state 
of light green flocks which gradually collect at the bottom pf 
the vessel and assume a black colour. The tendency of this 
oxide to absorb oxygen frdhi the atmosphere is so great that 
it is out of our power to collect it. And indeed it was unknown 
in a state of purity till Stromeyer pointed out a method of 
preparing it. He formed it by passing a current of dry hydro- 
gen gas over peroxide of iron at a temperature considerably 
under that at which it woidd be reduced to the .metallic state. 
Protoxide of iron thus obtained has a deep blackish blue colour, 
appearing by reflected light almost bladk. It is to. this prot- 
oxide that iron slag owes, its blue colour. The protoxide of 
iron thus prepared burns with great splendour whenever it 
comes in contact with the air, and is converted into peroxide. 

It cannot therefore be preserved.** , 

Various attempts have '•been made to determine the com- 
position of this oxide by analysis. The^experiment, however, 
is attended with a good deal of difficulty in consequence of the 
gp’eat tendency which protoxide of iron has to unite with oxy- 
gen. According to Berzelius this oxide.,is a compound of 

Iron, . . 3*39213 

Oxygen, . . 1 


4*39213 

But Stromeyer has shown that his estimate of the quantity 
of oxygen is 0*51 per cent, too high. By a carefiil analysis 


* PoggendorPs Annalen, vi. 474. 
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of sulphate of iron I have ascertainisd that the atomic weight 
of the protoxide is 4*5, and as it is obviously a compound of 
1 atom iron, . . 8’5 

1 atom oxygen,* . . 1 

4-5 

it is evident that th^ atomic weight of iron must be 3*6. This 
determination is corroborated by tlie experiments of Gay- 
Lussac, who found protoxide of iron a compound of 

Iron, . » . 3'53 

Oxygen,. . . 1* 


4-53* 

What has been called the black oxide of iron is* a mixture 
of, protoxide and peroxide in various proportions. The limits 
would appear to be a compound of 1 atom protoxide and 2 
atoms peroxide. This constitutes' what Gay-Lussac has viewed 
as a peculiar oxide of iron. But that it is only a compound of 
the two oxides seems evident from this, that if we dissolve it 
in sulphuric acid we obtain two different sulphates, namely, 
the protosulphate and persulphate, which are separable from 
each other by alcohol. Magnetic iron ore is a compound of 
this nature. So is finery cinder, or the matter squeezed out 
from iron during the* process of*converting cast into bar-iron. 
Such also Gay-Lussac found the ojtide formed when iron wire 
is burnt in oxygen gas ; tut I found the quantity of oxygen 
which it contained only 28 parts united to 100 of metal. It 
would appear from thi^,th£(c its nature is not always the same. 
This compound of the two oxides has been called by Berze- 
lius oxydum ferroso-fierricum. When strongly heated it melts 
and assumes the metallic lustre. It is very brittle ; and from 
the experiments of Berthier and Mosander it appears to vary 
a good deal in its c^mpositioh. Berthier analyzed the scales 
that are formed when bars of iron are heated to whiteness and 
then hammered in the open air, or what we call in this country 
smithy ashes. He found them composed of 

2 atoms protoxide of iron, •. , 9 

1 atom peioxide of iron, . . 5 

14t 

* Ann. de Chim. et de Phys. i. 33. f Ibid, xxvii. 19. 
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or of 

IroD) . • • • 3*5 

Oxygen, . . . . 1‘166 

Mosander found that when bars of iron were heated and 
allowed to cool in the open air the outer layer of scales con- 
tained more peroxide than the inner layer, f The innor layej, 
according to him, is a compound of 

3 atoms protoxide, . . 13*5 

1 atom peroxide, . . 5 


Family IIL 
Sect, I. 


18-5* 

or it is a compound of 

Iron, .... 3*5 

Oxygen, .... 1*125 

While thte outermost layer was a compound of 
1 atom protoxide, . . 4*6 

1 atom peroxide, . . 5 

* 9*5 

or of 

Iron, .... 3*5 

Oxygen, .... 1*25 


Besides the oxides of iron, these iron scales contain always 
a certain portion of silica, and it appears from Mosander’s 
analyses to the number of 6 thlt the composition of the scales 
themselves is not uniform. 

Thus it appears that black oxide *of iron, as it is called, is 
very various in its composition; but that four definite com- 
pounds of protoxide and peroxide liav^beeii obtained. These are. 


1. 

Protoxide. 

3 atoms 

Perox^c. 

-|- 1 atom. 


Atomic weight 

18*5 

2. 

2 

+ 1 

• 

14 

3. 

1 

+ 1 

• 

9*5 

4. 

1 

+ 2 

. 

14*5 


or we may represent the quantity of oxjgen united in each 
to an atom of iron as follows : 

Atom. 

1st, composed of 3*5 iron -j- 1*125. oxygen or 1^ 


2d, 

of. 3*5 

+ 1*166 

or 

4 

3d, 

of 3*5 

4- 1.25 . 

or 

H 

4th, 

of 3*5 

-1- 1*33 

or 



These have been converted by the French chemists into 


Kongl. Vetens. Acad. Handl., 1825, p. 209. 
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Rust. 


SO many different oxides of iron. But it is a simpler view 
of the subject, and more conformable with truth, to consider 
them as so many compounds of the two known oxides of iron 
in definite proportions. 

2. Peroxide of iron is easily obtained by dissolving iron in 
nitric acid, evaporating the solution to dryness, and exposing 
the dry mass to a ic.eat gradually raised to redness. It may be 
obtained also, but not so easily, by keeping iron filings red hot 
in an open vessel, and. triturating them continually till they aVe 
reduced to a fine powder. It is a fine red powder, destitute 
of taste and smell, insoluble in water, but soluble in acids, espe- 
cially the muriatic acid. Which is the best solvent of this oxide. 
After exposure to a red heat it loses much of its easy solu- 
bility in acids. To obtain it in the state of an hydrate, the 
best way is to throw it down from its solution in- nitric acid, 
^by means of an alkali, and after washing it thoroughly, allow 
it to dry in the open air. I ascertained by a careful analysis 
of persulphuret of iron that when 3*5 iron are converted into 
peroxide they become 5.* Hence it is a compound of 

1 atom iron, . . 3*5 

atom oxygen, . . 1-5 


There are two hy drates of liiis peroxide which occur native. 
The first is a dihydrate composed of 

2 atoms peroxide, . . 10 

1 atom water, , . 1.125 


1M25 

This dihydrate is red coloured, and has a fibrous structure. 
It is uncommon. The specimen which I subjected to analysis 
was found in nodules in the rocks in the neighbourhood of 
Gourock, a village^ three miies west from Greenock. 

The red fibrous mineral known by the name of hematite is 
a hydrate of this oxide composed of 

1 atom peroxide, . . 5 

1 atom water, . . 1*125 


6125 

Rust of iron consists chiefly of hydrated peroxide of iron. 


^ First Principles, i. 354?. 



IRON. 


491 


But it is mixed also not unfrequently with a quantity of pro- 
tocarbonate of iron, or of carbonic acid united to protoxide of 
iron ; for carbonic acid does not seem capable of uniting with 
the peroxide of this metal. 

Both of the oxides of iron possess the characters of alkaline 
bases, and unite to acids constituting salts, 

Cutting instruments of steel, after beii^ finished, are hard- 
ened by heating them to a cherry red, and then plunging them 
into a cold liquid. After this hardening, it is absolutely neces- 
sary to soften them a little, or to temper them as it is called, 
in order to obtain a fine and durable edge. This is done by 
heating them till some particular colour appear on their sur- 
face. The usual way is to keep them in oil, heated to a par- 
ticular temperature, till the requisite colours appear. Now 
these colotirs follow one another in regular succession accord- 
ing to the temperature. Between 430° and 450°, the instry.- 
ment assumes a very pale yellowish tinge ; at 460°, the colour 
is a straw yellow, and the instrument has the usual temper of 
pen-knives, razors, and other fine edge tools. The colour 
gradually deepens as the temperature rises higher, and at 500° 
becomes a bright brownish metallic yellow. As the heat 
increases, the surface is successively yellow, brown, red, and 
purple, to 580°, when it becomes of a uniform d.eep blue, like 
that of watch-springs.*' The blue gradually weakens to a 
water colour, which is the last shade distinguishable before the 
instrument becomes red hot.f That these different shades of 
colour are owing to the oxidizement of the surface becomes 
evident from a mode of ornamenting sword-blades, knives, &c. 
long practised in Sheffield. Flowers, and various other orna- 
ments, are painted on the blade with an oily composition. It 
is then subjected to the requisite heat for tempering it. The 
colour of the blade is altered in every part except where it is 
covered with the paint. When the paint is taken off the 
ornaments appear of the naturaf colour cvf polished steel, and 
of course are easily distinguishable. Sir H. Davy, in conse- 
quence of a letter from Mr. Stoddart, found that when steel 
is heated in hydrogen gas it does not change its colour as it 
does when tempered m the usual way.J *From these facts it 
is obvious that the changes of colour are oyving to the oxidize- 

* See the curious experiments of Mr. Stoddart, as related by Mr. Nichol- 
son. Nicholson’s 4to Jour. iv. 129. 

f Lewis, Newman’s Chem. p. 79. t Annals of Philosophy, i. 131. 


Fanniy III. 
Sect, L 


Tempering 

steel. 



492 ^ 


SIMPLE ALKALIFIABLE BASES, 


Chap. III. 


Chloride. 

Protochlo. 

ride. 


Sesquichlo- 

ride. 


Bromide. 


ment of the surface of the iron. Whether the changes be 
’ owing to alterations in the thickness of the coat of oxide or 
to the formation of various proportions of the two oxides we 
' have no data to determine. 

III. Chlorine like Oxygen unites to iron in two propor- 
tions, and forms a \:hloride and a sesquichloride. 

1. The protochldride may be formed by dissolving iron in 
muriatic acid, evaporating the solution to dryness, and exposing 
the dry mass to a red heat in such a manner as to exclude the 
action of air on it. It has a gray but variegated,colour, and a 
metallic splendour. Its texture is lamellated. When heated 
to redness it melts, but is not volatilized. It is imperfectly 
soluble in water, and the solution yields crystals of green 
muriate of iron. It was first described by Dr. John Davy, 
who found its constituents 4*5 chloride and 3*9 iron. ‘There can 
bo no doubt that it is a compound of 

1 atom chlorine . . 4*5 

1 atom iron ‘ . . 3*5 


8 

and that its atomic weight is 8. 

2. The sesquichloride of iron was first described by Sir H. 
Davy,* and afterwards more particularly examined by Dr. 
John Davy.t It may be obtained by burning iron wire in 
chlorine gas, or by evaporating the red muriate of iron to dry- 
ness, and heating it in a tube with a narrow orifice. It is a 
substance of a bright brown colour, with a lustre approaching 
that of iron ore from the isle of Elba. It is volatilized by a 
moderate heat, and forms minute briHiant crystals, the shape 
of which has not been determined. ‘ It dissolves completely in 
water, and the solution constitutes red muriate of iron. 
According to the analysis of Dr. Davy, it is composed of 6*75 
chlorine and 3*65 of iron. Now 6*75 represents atoms 
chlorine. It is obvious therefore that it is a compound of 
atom chlorine . . 6*75 

1 atom iron . . 3*5 


10*25 

and that ’its atomic , weight is 10*25. 

IV. Doubtless bromine will be found capable of combining 
with iron in two proportions as well as oxygen and chlorine. 


* .Phil. Trans. 1811, p. 23. 


t Ibid. 1812 , p. 181 . 
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But hitherto only one of these compounds has been examined. 

When iron wire is heated to redness in a glass tube, and dry ‘ 

bromine vapour passed over it, the wire becomes incandescent, 
and fuses without the disengagement of any gas. The bro-« 
mide thus formed has a yellow colour, ^d a lameller structure. 

It dissolves readily in water without communicating ^olour to 
that liquid, and the solution is precipit^ed light yellow fty 
nitrate of silver. This bromide is composed of 
1 atom bromine . . 10 

1 atom iron . . ' 3*5 


13-5 

and its atomic weight is 13*5.* 

V. W^e are acquainted at present with only one iodide of iodide, 
this metal.. It was first mentioned by Sir H. Davy, and after- 
wards was more minutely described by Gay-Lussac. It ma^ 
bo formed by lieating iron in contact with vapour of iodine. 

It is a brown substance which fuses at a red heat. It dissolves 
in water and forms a light gr?en solution consisting without 
doubt of hydriodate of iron. It has not been analyzed. But 
it is probably composed of one atom iodine united to one atom 
iron, or by weight of 

Iodine . . 15’75 

Iron . . 3*5 


19-25 

VI. We do not know any compound which iron is capable 
of forming with hydrogenf or azote. 

VII. It combines withjcarbon, and fOTms the very important carburet*, 
compounds known by the names of cast-iron and steel ; of both 

of which there are several modifications. 

There are three varieties of cast-iron commonly distinguished 
in commerce ; namely, black cast-iron usually called No. 1, 
mottled cast-iron called No. 2, and white cast-iron. 

1. Black cast-iron is the softest of the three. Its specific g^- ca»t- 
vity, according to my trials, varies from 6-901 02 to 6-836. It 
is imperfectly malleable and admits of being easily turned on 
the lathe and filed down. It melts at a comparatively low heat. 

Its texture is granular! It is much used in this country for a 

• Ann. de Chim. et de Phys. xxxiii. 331. 

f In page 160 of this volume I have given my reasons for believing that 
iron and hydrogen are capable of combining at a certain temperature. But 
nothing is known respecting the nature of the compound formed. 
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great variety of purposes, admitting of being easily cast into 
all the variety of shape which is wanted. 

2. Gray or mottled cast-iron is so called from the inequality 
of its colour. Its specific gravity, by my trials, is 7*0683. It 
is harder than the black variety, but soft enough to be cot, 
bored, apd turned*-on the lathe. It is also much used in this 
country. For many purposes it is found expedient to mix 
No. 1 and No. 2, and fuse them together. Artillery is usually 
made of mottled cast-iron. 

3. White cast-iron has a white colour like silver. Its tex- 
ture is fibrous or crystalline, aiid its specific gravity 7*6849.* 
It is so extremely hard that it can neither be filed, bored, nor 
bent, and it is very apt to break when suddenly heated or 
cooled. It has not been applied to any useful purpose ; but is 
always formed when cast-iron is con-verted into bar- iron. 

I made several attempts to analyze white cast-iron, by treat- 
ing it with dilute nitric acid without heat. The residue not 
acted on by the acid was a browii powder possessing consider- 
able lustre. When heated to 420° it took fire and burnt with 
considerable lustre, leaving a red powder, which by repeated 
digestions in acids, and finally by fusing it with nitre, I 
reduced to peroxide of iron and silica. The mean of several 
analyses mad^ in this way (but not exactly agreeing with each 
other) gave the composition of the iron 

Iron, . . 95 

Carbon, . . H 

€ 

100 

I reckon along with th.e carbon a little silicon, which varied so 
much in quantity in different experiments, that I could only 
consider it as accidental. Now this approaches very near 

4 atoms iron, . . 14 

1 atom carbon, . . 0*75 


14*75 

I am disposed, therefore, to consider white cast-iron as essen- 
tially a compound of 4 atoms iron and 1 atom carbon, and in 
that case its atomic weight will be 14*75. 

My experiments on black cast-iron were not so successful; 
but they led to the conclusion that it was a compound of 


The specimen was from Danemora. 
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Iron 

• 

• 

93*4 

Family III. 

Carbon 

Now this comes pretty near 


• 

6*6 

100 

Sect. I. 

3 atoms iron 

• 

• 

10*5 


1 atom carbon 

• 

• 

, 0*75 

11*25 



I am therefore disposed to consider black cast-iron as a com- 
pound of 3 atoms iron and l*atom carbon. And if so its 
atomic weight will be 11*25. 

But besides iron and carbon, cast-iron is never quite free 
from some silicon ; it frequently contains also a trace of mag- 
nesium, and not rarely a » little manganese ; though all these 
constituents are so variable in point of quantity, that nothing 
can be asserted respecting them. I made no attempt to 
analyze mottled cast-iron, not having been able to procure 
specimens of a sufficiently decitfed nature to warrant the con- 
sidering of them as specifically distinct from black cast-iron. 

It is possible that mottled cast-iron may be a compound of 
SJ atoms iron . . 12*25 

1 atom carbon . . 0-75 

• 

13 

This would make it intermediate between black and white cast- 
iron. 

Steel is a compound of iron of the utmost consequence; steel 
because it is from it alone 4;hat all the nvunerous cutting instru- 
ments of so much importanoe to mankind are made, iron itself 
being too soft for this purpose. The discovery of steel is of 
so ancient a date that it precedes the origin of authentic history. 

The Greeks distinguished steel by the name of ala/iufiu, and by 
the Romans it was called acies, •Pliny informs us that in his 
time the best steel came from China, and the next best from 
Parthia. A manufacture of steel seems to have existed in 
Sweden as early as the year 1340. It is the general opinion 
that the process for converting iron into steel called cementa- 
tion originated in England ; but I am unacquainted with the 
history of the process. * 

Every kind of iron is not fit for being converted into steel. 
British iron does not answer at all. When it is to be made 
into steel it is necessary to leave a portion of the bar in the 
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state of iron, otherwise it would fly in pieces when we attempt 
to draw it out into bars. The iron which answers best for 
being converted into steel is the iron made at Danemora in 
Sweden from a magnetic iron ore. The whole of the produce 
of the Danemora mii^s, amounting to about 8000 tons, is 
imported into Britain, and converted into steel. There is also 
dne Russian forge •^hich yields an iron which makes very good 
steel. This iron is knoAvn by the name of old sable. The iron 
from all the other Russian forges is unfit for steel making. . 

The furnace in which iron is converted into steel has the 
form of a large oven or arch ttrminating in a vdnt at the top. 
The floor of this oven is*’flat and level. Immediately under it 
there is a large arched fire-place widi grates, which runs quite 
across from one side to the other, so as to have two doors for 
putting in the fuel, from the outside of the building. A num- 
ber of vents or flues pass from the fire-place to different parts 
of the floor of the oven, and throw up their flame into it, so as 
to heat all parts of it equally. In the oven itself there are two 
large and long cases or boxes,*'built of good fire stone, and in 
these boxes the bars of iron are regularly stratified with char- 
coal powder, ten or twelve tons of iron being put in at once, 
and the box is covered on the top with a bed of sand. The 
heat is kept up, so that the boxes and all their contents are 
red-hot for eight or ten days. A bar is then drawn out and exam- 
ined, and if it be found sufficiently converted into steel, the 
fire is drawn, and the oven allowed to cool. This process is 
called cementation. ' * 

The bars of steel formed in this way are raised in many 
parts into small blisters,*- obviously by a gas evolved in the 
interior of the bar, wfiich had pushed up by its elasticity a film 
of the metal. On this account the steel made by this process 
is usually called blistered steel. 

The bars of blistered steel are heated to rednei^s and drawn 
out into smaller bars by means of a hammer driven by water 
or steam, and striking with great rapidity. This hammer is ' 
called a tilting hammer, on which account the small bars formed 
by it are called tilted steel. When the bars are broken in 
pieces and welded repeatedly, and then drawn out into bars, 
they get the name of German or sheaf steel. 

Steel of cemen^tion, however carefully made, is never quite 
equable in its texture. But it is rendered quite so by fusing 
it in a crucible, and then casting it into bars. Thus treated 
it is called cast-steelt and sells at a much higher price than 
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common steeL The process was contrived by Mr. Huntsman iii. 
of Sheffield) about the year 1750. It was kept for some time 
as a secret ; but for many years has been generally known in 
this country. When steel is to be cosf, it is made by cement- , 
ation in the usual way, only the process is carried somewhat 
farther, so as to give the steel a whiter cc^our. It is then 
broken into small pieces, and put into a crucible of excellent 
fire clay, after which the mouth of the crucible is filled up 
with vitrifiable sand, to prevent the steel from being oxidized 
by the action of the air. The crucible is exposed for 5 or 6 
hours to the teost intense hea# that can be raised ; by which 
the steel is brought into a state of perfect fusion. It is then 
cast into parallelopipeds about a foot and a half in length. To 
fuse one ton of steel about .20 tons of coals are expended. 

This acco'jjits for the high^price of cast-steel when compared 
with that of iron, or even of common steel. Every time that 
casfr-steel is melted it loses some of its characteristic properties* 
and two or three fusions render it quite useless for the purposes 
for which it is intended.* 

The specific gravity of good blistered steel I found to be 
7*823. When this steel was heated to r6dness, and suddenly 
plunged into cold water, its specific g^vity was reduced to 
7*747. The specific gravity of a piece of cast-steel while soft 
was found to be 7*8227 ; but when hardened by hbating it red- 
hot and plunging it into cold water, the specific gravity was 
reduced to 7*7532. We see from this, that when steel is 
hardened its bulk is increased. Doubtless the volume which it 
acquired by heating it to redness is retained, the cold ■water 
solidifying the surface before the mass has had time to contract. 

The colour of steel is wh^er than that of iron. Its texture 
is granular and not hackly like that of iron. The fracture is 
whitish-gray, and much smoother than the fracture of iron. It 
is much harder and rigid than iron, nor can it be so much 
softened by heat without losing it% tenacity and flying in pieces 

* M. Breant has shown that the steel of which the Damascus blades were 
made, and which was steel from Golconda,owed the peculiarity which these 
blades have of showing a curious waving texture on the surface, when 
treated with a dilute acid, to their consisting of two different compounds 
of iron and carbon which ha^^ separated during the cooling. It is cast^steel 
in which the process is carried farther than usual, and which is cooled slowly. 

Both common Jteel and cast-iron are formed, which separate during the 
slow cooling. The steel is rendered black by the acid, while the cast-iron 
remains white. This kind of steel can only be hammered at a heat above 
that of cherry red. Ann. de Cbim. et de Phys. xxiv. 388. 

I- 2 k 
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ch^ m; under the hammer. It requires more attention to forge it well 
than to forge iron. Yet it is ly its toughness and capability of 
being drawn out into bars that good steel is distinguished from 
. bad. Steel is more readily broken by bending it than iron. 
If it be heated to redness and then plunged into cold water it 
becomes exceedingly hard, so as to be able to cut or make an 
itnpression on most other bodies. But when iron is treated 
in the same way its hardness is not in the least increased. 
When a drop of nitric acid is let fall upon a smooth surface of 
steel and allowed to remain on it for a few minutes, and then 
washed oflF with water, it leaver a black spot : whfereas the spot 
formed by nitric acid on iron is whitish-green. Steel is not 
so easily converted into a magnet as iron ; but when once con- 
verted it retains the magnetic virtue; whereas iron loses it 
immediately when the exciting cause is withdrawn. Steel 
possesses great elasticity, and from Mr. Tredgold’s experiments 
it appears that the elastic force is sensibly the same in all 
states of temper.* , 

The first attempt to investigate the nature of steel was by 
Reaumur in a book which he published in 1722, entitled Uart 
de convertir h fer forge en acier^ et V art d’adomir lefer fondu 
ou de faire des ouvrages de fer fondu aussi fines que de fer forgL 
He considers steel as iron impregnated with sulphureous and 
saline matters. The eflEicacy of charcoal in converting iron into 
steel was known, and as it wasot that time the general opinion 
that charcoal consisted almost entirely of phlogiston, the infer- 
ence drawn was, that steel differed from iron in containing a 
greater quantity of phlogiston. This opinion continued to pre- 
vail till Bergman in ITSl^published his celebrated experiments 
on iron. He showed that when a given weight of cast-iron 
was dissolved in dilute sulphuric acid the hydrogen gas evolved 
varied from 38 to 43 volumes; that from the same weight 
of steel varied from 45 to 48 volumes ; while that from the 
same weight of hammered ii^n varied from 48 to 50 volumes. 
Now when Bergman wrote, the hydrogen gas given out was 
conceived to be the phlogiston of the metal. Hence it was 
inferred from these experiments, that pure iron contains the 
most phlogiston, and cast-bon the least. Thus Bergman’s expe- 
riments reversed the common opinion. ‘• 

■ When these different kinds of iron were dissolved in dilute 
sulphuric acid there always remained a quantity of insoluble 
matter, which Bergman called plumbago^ and which consisted 
* Phil. Trans. 1824, p. 354, 
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chiefly of carbon, and when this plumbago was burnt away a FamUy in. 
little silica always remained. 100 parts of cast-iron yielded 
from 1 to 3*3 of this plumbago ; 100 parts of steel from 0*2 to 
O’S, and 100 parts of hammered iron from 0*05 to 0*2. Hence 
it was concluded that carbon enters as a constituent into cast- 
iron and steel, but not into hammered iron.. • 

In 1786 an elaborate dissertation on the same subject b;^ 

Monge, Berthollet, and Vandermonde, appeared in the Memoirs 
ofethe French Academy. They examined the experiments of 
Bergman and added a considerable number of their own, and 
drew as a final^onclusion that hammered iron (if pure) consists 
of iron free from all heterogeneous matter. That steel is a com- 
bination of iron and carbon, and cast-iron a combination of iron 
with a still greater quantity of carbon and not free from oxygen. 

These opinions (with the ejcception of the oxygen in cast-iron) 
have been acceded to by succeeding chemists. I have stated 
above what I consider as the composition of cast-iron. And I 
shall now state the experimenis which I made on cast-steel. 

I attempted to analyze specimens of cast-steel furnished me composition, 
for the purpose by Mr. Buttray, an excellent steel-maker in 
the neighbourhood of Glasgow, and the general result of my 
trials gave me the constituents as follows : 

Iron . . 99 

Carbon with some silicon . . * 1 

100 

70 
0-75 

70-75 

I am therefore disposed to consider this as likely to be the con- 
stitution of cast-steel. 

I made no attempts to determiqp the constitution of blistered 
steel ; probably the proportion of carbon fti it is rather less. 

If we could draw any conclusion from the analyses of several 
kinds of steel published by Vauquelin in 1797, its composition 
is nearly the same as I found in cast-steel. He obtained (stat- 
ing the maximum) from 100 parts of the steel 

Iron . . 97*597 I Carbon . . 0-789 

Silica . . 0-315 | Phosphorus . 1*520 

Now if we convert the silica into silicon, and add it to the car- 


Now this approaches 
20 atoms iron 
1 atom carbon 
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Chap. Ill, bon, and consider the phosphorus as an accidental ingredient, 
the carbon will amount to nearly 1 per cent., the same as I 
obtained from cast-steel. 

It is a very desirable thing to combine the extreme hardness 
of steel with the toughness and tenacity of iron. This is done 
by welding theni^ ^together. It is in this way that edge-tools 
Hre made. A bit of steel is welded to the iron on that side of 
the plate or bar which is to be worked into an edge, 
ci^hard. There is another way which is peculiarly serviceable J)n 
particular occasions. The surface of a piece of iron is con- 
verted into steel by cementation, and the prociess is stopped 
before the carbon penetipte so far as to convert the whole piece 
into steel. This is called case-hardening. The piece of work 
when nearly finished is covered with a paste made of combus- 
tible matters. Certain animal substances, as hon)is and hoofs, 
chopped hair, bone shavings, &c. are made up into a paste. 
‘The iron is covered with it and the whole wrapt up in clay. 
This is first dried and hardened before tlie fire and then put 
into a forge, and kept in a low red-heat for an hour Or two. 
When taken out the siurface is converted into steel. In this 
way almost all the parts of gun-locks are treated. Besides the 
superficial hardness that they acquire, it is well known that 
they have incomparably less friction than while in the state of 
iron, and they are much less liable to rust. 

From the preceding detail, it is obvious that iron and carbon 
are capable of combining together in a variety of different pro- 
portions. When the carbon exceeds, the compound is carburet 
of iron. When the iron exceeds, the compound is steel or 
cast-iron in various state^i, according to the proportion. All 
these compounds may be considf red as subcarimrets of iron. 
The most complete detail of experiments on these various com- 
pounds wliich has appeared in this country are those of Mr. 
Mushet, published in the Philosophical Magazine. This inge- 
nious practical chemist has qbserved, that the hardness of iron 
increases with the' proportion of charcoal with which it com- 
bines, till the carbon amounts to about of the whole mass. 
The hardness is then a maximum; the metal acquires the colour 
of silver, loses its granulated appearance, and assumes a crys- 
tallized form. If more carbon be added to the compound, the 
hardness diminishes in proportion to its quantity.* 

The following table, by the same ingenious chemist, exhibits 
the proportion of charcoal which disappeared during the con- 

* Phil. Mag. xiii. 138. 
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version of iron to the different varieties of subcarburet known "*• 

Sect I. 

Soft cast-steel 
Common cast-steel 
The same, buf harder 
The same, too hard’for drawing 
White cast-iron * 

Mottled cast-iron 
Black cast-iron. 

VIII. From the experiments»of Descotilsf and GmelinJ we Bomrct. 
learn, that iron is capable of combining with boron. The horur^ 

ret was formed by fusing a mixture of iron filings and boracic 
acid in a covered crucible. It constituted a ductile mass of a 
silver white^colour. But Arfvedson could not succeed in form- 
ing. this compound. 

IX. From the experiments of Berzelius and Stromeyer, if suicet. 
appears that silicon may be combined with iron. It is even 
probable, from Berzelius’ obserwitions, that some kinds of iron 
may owe their peculiar qualities to the silicon which they con- 
tain. Silicet of iron is of a silver white colour and ductile. It 
requires heat before it dissolves in sulphuric acid. When dis- 
solved in acids it leaves a quantity of silica, constituting a por- 
ous mass of the size of the silicet dissolved. Nothflig is known 
respecting the proportions of iron and silicon, capable of uniting. 

X. Iron combines with phosphorus in various proportions. Fhosphureu. 

1. A phosphuret of iron nlay be formed by fusing in a cru- i. Diphos. 

cible 16 parts of phosphoric glass, 16 parts of iron, and lialf a 
part of charcoal powder. ^ It is mi^gnetic, very brittle, and 
appears white when broken.^ When exjlbsed to a strong heatj 
it melts, and the phosphorus is dissipated.^ It may be formed 
also by melting togetlier equal parts of phosphoric glass and 
iron filings. Part of the iron combines with the oxygen of the 
phosphoric glass, and is vitrified ; t]^e rest forms the phosphuret, 
which sinks to the bottom of the crucible. * It may be formed 
also by dropping small bits of phosphorus into iron filings heated 
red-hot. II The proportions of the ingredients of this phosphuret 
have not yet been determined; but from some trials which I 
made I conclude that the phosphuret made by Pelletier’s pro- 
cess is a diphosphuret composed of • 

* Phil. Mag. xiii. p; 142. Recherches Physico^himiques, i. 306. 

t Schweigger’s. Journal, xv. 246. § Pelletier, Ann. de China, i. 106. 
y Ibid. xiii. 113. 
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Chap. III. 


Siderum, 


2 atoms iron . . 7 

1 atom phosphorus . . 2 

9 

This at least seems to be the composition of the phosphuret 
discovered by Bcrgman, and called by him siderum. 

There is a particular kind of iron known by the name of 
cold short irony because it is brittle when cold, though it be 
malleable when hot. Bergman* was employed at Upsala*ln 
examining the cause of this property, while Meyerf was occu- 
pied at Stetin with the same investigation ; and hoth of them 
discovered, nearly at the'’same time, that by means of sulphu- 
ric acid, a white powder could be separated from this kind of 
iron, which by the usual process they converted into a metal 
of a dark steel gray, exceedingly brittle, and not very soluble 
jn acids. Its specific gravity was 6’700; it was not so fusible 
as copper ; and when combined with iron rendered it cold short. 
Both of them concluded that this substance was a rtm) metal. 
Bergman gave it the name of siderumy and Meyer of hydro- 
siderum. But Klaproth soon after, recollecting that the salt 
composed of phosphoric acid and iron bore a great resemblance 
to the white powder obtained from cold short iron, suspected 
the presence of phosphorus in this new metal. To decide 
the point, he combined phosphoric acid and iron, and obtained, 
by heating it in a crucible alon^ with charcoal powder, J a sub- 
stance exactly resembling the new metal.§ Meyer, when 
Klaproth communicated'' to him this discovery, informed him 
that he had already satisfied himself, by a more accurate exami- 
nation, that siderum contuined phosphoric acid. || Soon after 
this, Scheele actually decomposed the* white powder obtained 
from cold short iron, and thereby demonstrated that it is com- 
posed of phosphoric acid and iron.^ The siderum of Bergman, 
however, is composed of phosphorus and iron, or it is phos- 
phuret of iron ; the .phosphoric acid being deprived of its oxygen 
during the reduction.** 

* Opusc. iii. 109. 

■f Schriften der Berliner Gessellch. Naturf. Freunde, 1780, ii. 334, and 
iii. 380. 

1: This process in chemistry is called reduction. 

§ CrelPs Annals, n84, i. 390. || Ibid. 195. 

f Crell, i. 112, Eng. Trans. 

** Rinman has shown that the brittleness and bad qualities of cold short 
iron may be removed by heating it strongly with lime-stone, and with this 
the experiments of Leyavasseur correspond. See Ann. de Chim. xlii. 831. 



IRON. 


503 


2. When a current of dry hydrogen gas is passed over phos- 

phate of iron heated to redness in a glass tube, both the consti- !_ 

tuente are deprived of their oxygen, and a phosphuret remains, 
which is obviously a compound of. 

1 atom iron . ^ . 3*5 

1 atom phosphorus . .• 2 

5*5 

s<y that its atomic weight is 5*5. 

3. M. H. Rose formed a phosphuret of iron by passing a »phovhu. 
current of pltosphuretted hydrogen gas very slowly over iron 
pyrites (bisulphuret of iron). The hydrogen gas united to the 
sulphur, and formed sulphuretted hydrogen, while the phospho- 
rus combined with the iron. Now phosphuretted hydrogen is 

a compound of • 

1|- atoms hydrogen 

1 atom phosphorus, 
while iron pyrites is a compound of 

2 atoms sulphur 
1 atom iron. 

Sulphuretted hydrogen is a compound of 
1 atom hydrogen 
1 atom sulphur. 

It is obvious that 4 atoms phosphuretted hydrogen contain 
6 atoms hysirogen 
4 atoms phosphorus, 
while 3 atoms iron pyrites contain • 

6 atoms sulphur 

3 atom^ iron. 

4 atoms of phosphuretted hydrogen anS 3 atoms iron pyrites 
may therefore be converted into 6 atoms sulphuretted hydrogen, 
and into a phosphuret of iron composed of 

4 atoms phosphorus 
3 atoms iron.* 

Now this was the phosphuret obtained by Rose.* He has not 
given us any account of its properties. I should be disposed 
to consider it as a mixture of 2 atoms phosphuret of iron and 
1 atom of biphosphuret. 

XI. There exists a strong affinity between iron and sulphur; Suiphureti. 
No fewer than 5 sulphurets are now knol^n, and doubtless 
various other combinations of the two constituents will be 
discovered hereafter. 

* Ann. de Chim. et de Phys. xxxiv. 176. 
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Chap. Ill 


1. Sulphuret. 


2. SesquisuU 
phuret. 


1. SnlpKiiret of iron may be formed by various processes; 
one of the surest is to pass dry hydrogen gas over iron pyrites 
in powder and heated to redness in a glass or porcelain tube. 
One half of the sulphur is disengaged, and there remains a 
combination of . , 

1 atom sulphur . . 2 

1 atom iron . . 3*5 

5*5* ® 

The same compound is obtained when iron is heated to white- 
ness surrounded by sulphur vapour. The union fe accompanied 
by the fusion of the sulphuret, and a good deal of heat is evolved- 
Its colour is that of bronze or black when in powder, and it 
dissolves in sulphuric or muriatic acid with the evolution of 
abundance of sulphuretted hydrogqp gas. It mayrbe obtained 
also when iron pyrites is distilled at a red-heat ; one-half of the 
‘sulphur flies oflT, and leaves sulphuret of iron. 

The mineral called m^netia pyrites is a combination of 5 
atoms sulphuret of iron and I'atom of bisulphuret, as was first 
shown by Stromeyer.f Its colour is that of bronze ; it has the 
metallic lustre ; but its powder is blackish gray. Its specific 
gravity is 4*518. It strikes fire witli steel, and easily melts 
when heated. According to the analysis of Stromeyer it is 
composed of 

Iron. . * . 100 

Sulphur . . 67*084. 

Now if we suppose it a compound of 5 atoms sulphuret and 1 
atom bisulphuret of iron, the weight of its constituents would be 
Iron ... . , 100 

Sulphdr . , 66*66 

which almost coincides, with Stromeyer’s result. 

2. Sesguisidphuret of iron may be formed by passing a cur- 
rent of dry sulphuretted hydrogen gas over peroxide of iron in 
a glass or porcelain tube, ^d heated to the temperature of 
212®. The curreift of gas is to be continued till all evolution 
of water is at an end. The sesquisulphuret of iron formed has 
the same form as the peroxide had. It has a gray colour with 
a slight shade of yellow, and acquires lustre under the bur- 
nisher. It is not altered by exposure to 'the air. When distilled, 
sulphur is given l)ut, and common sulphuret of iron remains. 
When treated with acids, sulphuretted hydrogen gas is evolved. 


* Pc^fgendorfs Anualen, v. 533. 


f Cfilbert’s Annalen, xlviii. 183. 
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iron is dissolved, and a quantity of bisulphuret of iron remains ***• 
undissolved.* Its constituents are ^ 

I J- atom sulphur . . 3 

1 atom iron . . 3*5 

* 6*5 

3. Bisulphuret of iron may be formed by various processes ; a. BUuiphu- 
but it is found ready formed in great abundance, and is known ” ' 

by the name of iron or cubic pyrites. It has a yellow colour, 
and has the^etallic lustre, it is brittle, and sufficiently hard 
to strike fire with steel. Its specific gravity is about 4*5. It 
usually crystallizes in striated cubes. When heated it is decom- 
posed. In the open air the sulphur takes fire : in close vessels 
filled with charcoal, part^of the 'sulphur is volatilized ; and a 
black substance remains, retaining the original form of the 
mineral, but falling to powder on the slightest touch. Mr. 

Proust has demonstrated thqjt this black substance is protosul- 
phuret of iron. Its constitution was first ascertained by Mr. 
Hatchett, and his analysis has been confirmed by those of 
Berzelius and Gueniveau and my own.f It is a compound of 

2 atoms sulphur . . 4 

1 atom iron . . 3*^ 

7*5 

Some varieties of iron pyrites ara not altered by exposure to 
the air, while others when so exposed split in pieces and are 
gradually converted into sulphate of iron. Probably those 
varieties which are tlius decomposed contain some sulphuret of 
iron mixed with the bisulphuret of iron. 

4, Disulphuret of iron was obtained by Arfvedson by passing *, . 

a current of dry hydrogen gas over anhydrous protosulphate of 

iron heated in a glass tube. Sulphurous acid and water came 
at first over, and at last sulphuretted hydrogen gas. When the 
process was concluded there remained a dark gray agglutinated 
powder, which was strongly attracted by the magnet, and dis- 
solved in muriatic acid with the evolution of sulphuretted 
hydrogen gas. It contained no sulphuric acid. 858 parts of 
anhydrous sulphate of iron were by this Ireatment converted 
into 396 of the sulphuret. Hence the sulphuret was a com- 
pound of 

♦ Berzelius ; PoggendorTs Annalen, vii. 393. f First Principles, i. 354. 
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Cbap. lit Iron . . 7*9 

Sulphur . . 2 

7*9 is a little more than two atoms of iron ; doubtless bec'ause 
the iron is a little overrated ; for it is not possible to deprive 
‘sulphate of iron of the water which it contains without driving 
oflF sulphuric acid Sjt the same time. There can therefore be no 
reasonable doubt that the sulphuret formed was a compound of 
2 atonis iron . . 7 

1 atom sulphur . . 2 < 


6. TetrasuU 
phurets. 


9 > 

It is therefore a disulphur^t of iron.* 

5. Tetrasulphuret of iron was obtained by Arfvedson by 
exposing anhydrous dipersulphate of iron to a current of dry 
hydrogen gas, while heated in a glass tube. Sulphurous acid 
and sulphuretted hydrogen gas were evolved, and the process 
continued for a long time. The sulphuret formed resembled 
metallic iron, reduced from the peroxide by hydrogen gas. It 
was acted on very powerfully by the magnet, and weis semi- 
malleable ; but it dissolved in muriatic acid with the evolution 
of sulphuretted hydrogen gas. The iron during this process 
was reduced to the metallic state, and half the sulphur was 
dissipated. Hence the sulphuret formed was a compound of 
'4 atoms iron . . 14 

1 atom sulphur . . . 2 


16 

It is therefore a tetrasulphuret of iron.f 

Sulphuret of iron is notjonly atti acted by the magnet, but 
may be itself converted 'into a magnet by the usual methods ; 
but bisulphiyet is not in the least obedient to the magnet, 
neither is it susceptible of the magnetic virtues.;!; 

^^r^icpro. It has been long known that pure iron is not susceptible of 
retaining the properties of a magnet; but steel, when once 
magnetized, continues permanently magnetic. Now steel, as 
we have seen, is a combination of iron and carbon. When the 
proportion of carbon united to iron is increased to a certain 
proportion, the iron loses the property of b«ing acted on by the 
magnet. The addition of a certain porticn of sulphur likewise 
' renders iron susceptible of becoming a permanent magnet. 
The sulphur may amount to 46 per cent, without destroying 


* Annals of Philosophy (2d series), vii. 341. f Ibid. p. 342. 
j; Hatchett, Phil. Trans. 1804. 
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this property; but when it is increased to 52 per cent, the 
magnetism vanishes completely. Iron may be made perma- 
nently magnetic also when united to phosphorus ; but whether 
the magnetism disappears when the proportion of phosphoric 
is increased- has not been ascertained. 

Thus it appears that pure iron is not susceptable of perma- 
nent ihajgnetism. United to a portion of carbon, if form# a 
compound more or less brittle, soluble In muriatic acid, and 
susceptible of magnetic impregnation. Saturated with carbon, 
it becomes brittle, insoluble in muriatic acid, and destitute of 
magnetic pfbperties. 

Iron, united to a portion of sulphur, forms a brittle com- 
pound, soluble in muriatic acid, and susceptible of magnetic 
impregnation. Saturated with sulphur, the compound becomes 
brittle, insoluble in murjatic acid, and destitute of magnetic 
properties. 

Iron, united to phosphorus, is brittle, and susceptible “of 
magnetic impregnation in a great degree, and in all probability, 
by saturation, would lose its ihagnetic properties altogether. 

For these facts, which are of the utmost importance, we are 
indebted to Mr. Hatchett, who was led to the discovery of 
them by his experiments on magnetic pyrites. “ Speaking 
generally of the carburets, sulphurets, and phosphurets of 
iron, I have no doubt,” says this sagacious philosopher, “ but 
that, by accurate experiments, we shall find that a certain pro- 
portion of the ingredients of each constitutes a maximum in 
the magnetical power of tllese three bodies. When this maxi- 
mum has been ascertained, it would be proper to compare the 
relative magnetical power of steeL (which hitherto has alone 
been employed to form artificial magnets) with that of sul- 
phuret and phosphuret of iron ; each being first examined in 
the form of a single mass or bar of equal weight, and afterwards 
in the state of compound magnets, formed like the large horse- 
shoe magnets, by the separate ^angement of an equal number 
of bars of the same substance in a box df brass. 

“ The eflfects of the above compound magnets should then 
be tried against others, composed of bars of the three different 
substances, various in number, and in the mode of arrange- 
ment; and lastly, itVould be interesting to make a series of 
experiments on chemical compounds, formed by uniting dif- 
ferent proportions of carbon, sulphur, and phosphorus, with 
one and the same mass of iron. These quadruple compounds, 
which, according to the modern chemical nomenclature, may 


Family III. 
Sect.1. 
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Cbap> III. 


Scleniet. 


Arseniet. 


Antimoniet 


be called carburo-sulpburo-phospburets, orphosphuro-sulphuro- 
carburets, &c..of iron, are as yet unknown as to their chemical 
properties, and may also, by the investigation of their mag- 
fietical properties, afford some curious results. At any rate, an 
unexplored field of extensive research appears to be opened, 
which possibly may furnish important additions to the history 
of^magnetism ; a branch of science which of late years has been 
but little augmented,^and which, amidst the present rapid pro- 
gress of human knowledge, remains immersed in considerable 
obscurity.” 

XII. When a mixture of selei^iium and iron filings is heated, 
a combination takes place> without any appearance of com- 
bustion. But if selenium be put into the bottom of a glass 
tube and iron filings above it, and a sufficient heat be applied 
to volatilize the selenium, the iron flings absorb this vapour 
and become red-hot, and this ignition continues as long as 
ariy selenium is absorbed. Seleniet of iron thus formed, has a 
metallic appearance, and a gray colour with a shade of yellow. 
It does not melt, but becomes ' agglutinated together into a 
coherent mass. When heated before the blow-pipe it lets go 
a portion of selenium, and is converted into a black brittle 
crystallized matter, which seems to be seleniate of iron. It 
dissolves readily in muriatic acid, while selenietted hydrogen 
gas is disenga|fed. This is the best mode of obtaining this gas. 
Besides selenietted hydrogen, there is another gas disengaged 
neither soluble in water nor in caustic alkalies. This gas has 
a very disagreeable smell, which adheres long to glass vessels. 
It precipitates protonitrate of mercury black.* 

XIII. When 100 parts qf^iron filings and 200 parts of arsenic 
are heated to redness, thfere remain ^36 parts of an alloy of iron 
and arsenic. It is white, very brittle, and easily pulverized.t 
It is obviously a compound of 

1 atom iron . . 3-5 

1 atom arsenic , . . 4*75 

8-25 

XIV . The alloy of tellurium and iron has not been examined. 

XV. Iron combines with antimony by fusion, and forms a 
brittle hard white-coloured alloy, the specific gravity of which 
is less than intermediate. The magnetic quality of iron is 
much more diminished by being alloyed with antimony fbgn 


* Berzelius, Ann. de Chim. et de Pbys. x. 242 . 


f Gehlen. 
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with most other metals.* This alloy may be obt^ed also by “t* 

fusing in a crucible 2 parts of sulphuret and 1 of iron. It was 1— 

formerly called martial regulus. 

XVI. When oxides of iron and chromium are mixed Chromiet > 
together, and strongly heated in a coyered crucible lined with 
charcoal, they are reduced and melt together into ,an alloy. 

And they seem capable of uniting in all proportions. An alfoy 
of these two metals in the proportion of 

4 atoms chromium, 

3 atoms iron, 

was examined by Berthier. It held been melted and was filled 
with cavities lined with prismatic ‘crystals. Its texture was 
crystalline, and its colour whiter than that of platinum. It was 
hard enough to cut glass as readily as the diamond, and it was 
so brittle 4;hat it was easily reduced to powder in an agate 
mortar. Berthier formed two alloys of steel and chromium, 
one containing 1 per cent., the other 1^ per cent, of the later 
metal. He found both to answer exceedingly well for making 
cutting instruments, and recoAmends them accordingly to the 
attention of manufacturers.f 

XVII. Equal quantities of iron and molybdenum melt readily, Moiybdet. 
and form a brittle alloy, of a bluish-gray colour, and consider- 
able hardness. Its fracture was fine scaly, jind g^nular. 

Before the blow-pipe it melted with intumescence, but with- 
out sparks. One part of iron’and two of molybdenum formed 

a brittle alloy of fine grained texture, and light-gray colour. 

It was magnetic, and did not melt before the blow-pipe. Of 
all the metals, iron seems to unite most readily with molyb- 
denum.J 

XVIII. Tungsten with*white cast-iron gave a perfect but- Xungttet, 
ton, the fracture of which was compact and of a whitish-brown 
colour. 100 parts iron and 50 of tungstic acid yielded 137 parts 
of alloy. ^ 

XIX. When oxide of columbium i8.mixed with iron filings coiumbet. 
and strongly heated in a small crucible, it is reduced to the 
metallic state, and forms an alloy with the iron. This alloy has 
the appearance of white cast-iron, except that it wants its crys- 
talline texture. It is sufficiently hard to scratch glass. Aqua 
regia dissolves the iron with difficulty, and leaves the colum- 
bium in the state of a gray powder. 

* Gellert, p. 136. t Ann. des Mines, vi. 579. 

t Crell’s Annals, iii. 370. § Elhuyarts. 
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XX. It would appear probable from the experiments of 
Vauquelin and Hecht, that iron and titanium may be united 
together by heat. At least tliey obtained a gray coloured mass, 
interspersed with yellow particles which they were not able to 
fuse. 

XXI. Iron may be alloyed with potassium and sodium. 
But these alloys cannot be preserved, and of course are of little 
use at present. SeruUas formed an alloy of potassium, iron, 
and antimony, by heating in a crucible 100 parts of iron filings., 
over which he put 100 parts of calcined cream of tartar, mixed 
with 100 parts of powdered antimony. The alloy was brittle, 
and contained a great deal of potassium.* 

XXII. Lampadius exposed to a white heat a mixture of 1 
barytes, 1 iron, and \ charcoal ; he obtained an alloy, which, 
when exposed to the air, soon fell tp powder.f 

XXIII. Nothing precise has hitherto been ascertained 
respecting the alloys of iron with strontium, calcium, and mag- 
nesium. Davy obtained alloys .of iron with aluminum and 
glucinum, by exposing to a white heat a mixture of iron and 
potassium, with alumina or glucina. They were whiter than 
iron, and underwent decomposition when put into water. 

Nothing is known respecting the alloys which iron may 
be capable of forming with yttrium, cerium, zirconium, or 
thorium. 


SECTION II. OF MANGANESE. 

The dark brown or black mineral called manganese^ in 
Latin magnesia (according to Boyle from its resemblance to 
the magnet) i has been long known --and used in the manufac- 
ture of glass. A mine of it wasf- discovered in England by 
Boyle. A few experiments were made upon this mineral by 
Glauber in 1656,| and by Waiz in 1705 ;§ but chemists in 
general seem to have paid but very little attention to it. . The 
greater number of mineralogists, though much puzzled what 
to make of it, agreed in placing it among iron ores ; but Pott, 
who published the first chemical examination of this mineral 
in 1740, having ascertained that it ofteii contains scarcely any 
iron, Cronstedt, in his System of Mineralogy, which appeared 
in 1758, assigned it a place of its own, bn the supposition that 
it consisted chiefly of a peculiar earth. Rinman examined it 

* Ann. de Mines, viii. 149. 

f Schweigger’s Journal fur Chemie, xv. 146. 

t Prosperitas Germanise. § Weigleb’s Geschichte, i. 127. 
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anew in 1766 ;* and in the year 1770 K^m published at 
Vienna a set of experiments, in order to prove that a peculiar , 
metal might be extracted from it.f The same idea had struck 
Bergman about the same time, and induced him to request o^ 
Scheele, in 1771, to undertake an exa^nination of manganese. 
Scheele’s dissertation on it, which appeared in 177^, Was a 
master-piece of analysis, and contains some of the most import- 
ant discoveries of modem chemistry. Bergman himself pub- 
lished a dissertation on it the same year ; in wliich he demon- 
strates, that the mineral, then called manganese^ is a metallic 
oxide.l accordingly madb several attempts to reduce it, 

but without success ; the whole mass either assuming the form 
of scoriae, or yielding only small separate globules attracted by 
the magnet. This difficulty of fusion led him to suspect, that 
the metal *he was in quegt of bore a strong analogy to plati- 
num. In the mean time, Dr. Gahn, who was making experi- 
ments on the same mineral, actually succeeded in reducing it 
by the following process : He lined a crucible with charcoal 
powder moistened with water, ^ut into it some of the mineral 
formed into a ball by means of oil, then filled up the crucible 
witli charcoal powder, luted another crucible over it, and ex- 
posed the whole for about an hour to a very intense heat. At 
the bottom of the crucible was found a metallic button, or 
rather a number of small metallic globules, equal in weight to 
one-third of the mineral eml)loyed.§ It is easy to see by 
what means this reduction was accomplished. The charcoal 
attracted the oxygen from the oxide, and the metal remained 
behind. The metal obtained, which is called manganese^ was 
farther examined by Ilsoman in ^82, Hielm in 1785, and 
Bindheim in 1789. An elaborate and extensive set of expe- 
riments on this metal and its combinations was published by 
Dr. John in 1807.11 Since that period many important facts 
respecting manganese have been ascertained. Arfvedson and 
Berzelius have determined the »composition of its oxides.^ 
And an excellent paper on the same suSject has been pub- 
lished by Berthier, characterized by the accuracy and clear- 
ness which distinguishes the experiments of this excellent 

chemist.** The investigations of Chevillot and Edwards have 

• 

* Mem. Stockholm, 1765, p. 235, ^ 

f De Metallis dubiis, p. 48. ^ Opusc. ii. 201. * § Bergman, ii. 211. 

II Gehlen’s Journal, fiir die Chemie und Physik, iii. 452. 

^ Annals of Philosophy (2d series), vii. 267, 

Ann, de Chim. et de Phys. xx. 186. 
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How pro- 
cured. 


made us aequainted with a new compound of manganese and 
oxygen possie^sing acid properties,* and this subject has been 
much elucidated by the excellent paper published on the same 
subject by M. Forchhammer.-f- Much new light has been 
thrown upon the nature of manganese and its ores by the 
interesting papers of M. Haidinger and Dr. Turner pubi^hed 
in the 11th volume of the Philosophical Transactions of Edin- 
burgh. 

Manganese never occurs in nature in the metallic state 
except when it is combined with sulphur. Twenty different 
species of manganese ores ha'^e been described Sy mineralo- 
gists ; by far the most abundant of which is what is usually 
called black oxide of mcinganese. Under this name various 
species of manganese ores are included. Sometimes it is pure 
binoxide of manganese. It is then black, has the metallic 
lustre, and has a fibrous structure. Haidinger has distin- 
guished this species by the name of pyrolusite. But most fre- 
quently it contains water, binoxide of manganese, and not 
seldom barytes. It is from this black oxide, used extensively 
in commerce and ground to a fine powder, that chemists obtain 
pure oxide of manganese, from which this metal is to be pro- 
cured. And there are various processes which are followed 
for this purppse. 

I am in the habit of obtaining chlorine gas for all the pur- 
poses for which it is required* by digesting muriatic acid on 
black oxide of manganese in powder. By this process a solu- 
tion of manganese in the acid is obtained. It is always con- 
taminated with a good deal of iron ; and sometimes it contains 
copper and likewise barytes. Copper is easily thrown down 
by passing a current of sulphurettf'd hydrogen gas tlirough the 
solution. I then render it as neutral as possible by evapora- 
tion, and after diluting it with water I add ammonia in small 
quantities at a time as long as the precipitate appears red. I 
then filter. The liquid which passes through is colourless 
like water. It is proper to try whether the whole iron has 
been thrown down by putting a few drops of it into a watch- 
glass and adding a drop of the solution of prussiate of potash. 
If the precipitate be quite white without any shade of blue, 
we may be sure- that no iron is present. If the black oxide 

■ • Ann. de Ghim. et de Phys. vin. 337. 
t Dr. Forchhammer’s experiments were the subject of a Thesis published 
at Copenhagen. An abstract was inserted in the Annals of Philosophy 
(2d series}, i. 50. 
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was free from barytes nothing more is necessary to have the VamUr iit 
manganese quite pure. But if barytes be present we must ^ 
add a Solution of sulphate of ammonia as long as a precipitate 
continues to fall. The liquor being now filtered and mixed 
with a suflficient quantity of bicarbonate of potash, pure carbo- 
nate of manganese falls to the bottom, which requires only to 
be washed and dried. 

Forchhammer’s process is in some respects preferable to 
m^e. He mixes equal weights of sulphuric acid and black 
oxide, and heats the mixture till the vapour of sulphuric acid 
ceases to appear. By this process the whole is converted into 
sulphate of manganese, mixed of course with sulphate of iron, 

&c. This matter is dissolved in water and the solution filtered. 

This - frees the manganese of barytes and lead, when these 
bodies happen to be present.* The solution is cautiously 
mixed with hydrosulphuret of ammonia as long as the precipi- 
tate, which falls, is black. This throws down the copper and* 
iron, and leaves the manganese. It is then filtered and heated, 
and decomposed in the usual way by bicarbonate of potash.f 
M. Quesneville, junior, has proposed another process for 
separating iron and manganese, wliich I have not tried, as I 
consider my own to be more economical. He renders the 
muriatic acid solution of them as neutral as possible by boiling. 

He then dilutes the liquid with a great quantity oT water, and 
passes a current of chlorine thaough it to peroxidize the iron. 

Arseniate of potash being now added throws down the whole 
iron in the state of a greenisR white arseniate. After filtration 
evaporate the liquid which contains the arseniate of manganese 
almost to dryness, and add^water to then filter and decom- 
pose the solution by caustic-potash; thft oxide of manganese 
thus obtained is free from iron.;}: 

M. Lassaigne has given another process, which is nearly 
allied to the method long ago employed by Dr. John. The 
black oxide of manganese is digested in dilute muriatic acid 
to get rid of the carbonate of lime, &c. sSould it be present. 

It is then dissolved in sulphuric acid, and the solution evapo- 
rated to dryness. Dissolve the dry mass in water, filter, add 
a little sulphuric acid and pass a current of sulphuretted hydro- 
gen gas through it to precipitate the copper, should any be 

* I have never observed lead in the black oxide usdd in Glasgow for pre- 
paring bleaching powder. 

j* Annals of Philosophy (2d series), i. 50. 
t Phil. Mag. (2d series), i. 72. 

I. 2 L 
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Chap. III. 


Properties. 


Oxides. 


1. Protoxide. 


present. Heat the liquid to drive off the excess of sulphur- 
etted hydrogen, and then throw down the manganese by car- 
bonate of soda. Wash the yellow precipitate and digest it 
, in a solution of oxalic acid. The oxide of iron will be dis- 
solved, and the oxalate of manganese will remain in the state 
of a white powder. "When this oxalate after being washed 
And dried is calcined in a covered crucible, it leaves pure prot- 
oxide of manganesd-* 

If we put pure oxide or carbonate of manganese intq. a 
covered crucible lined with charcoal and expose it to a very 
violent heat for four hours, it will be reduced io the metallic 
state and fused into a solid mass. In this way metallic man- 
ganese was obtained by Mr. Buttray, who exposed the oxide 
to the greatest heat which can be raised in his furnaces for 
fusing cast-steel. The manganese which he ma^de was not 
free from iron; because the oxide which he employed was 
impure. It was an alloy of nearly 4 atoms manganese and 1 
atom iron. , 

I. Manganese obtained in the way just described has a gray 

colour, somewhat whiter than cast-iron. It is fine granular in 
its texture, hard and so brittle that it may be reduced to powder 
in a mortar. Its specific gravity, as determined by John, is 
8*013.f It is not attracted by the magnet. Even the alloy 
composed o^ 4 atoms manganese and 1 atom iron, is not in the 
least acted on by the magnet, «ior does it affect the most deli- 
cately poised magnetic needle. Metallic manganese gradually 
absorbs oxygen from the atmosphere and decomposes water ; 
but when alloyed with iron it loses that property, undergoing 
no other change by keeping, except becoming a little yellow 
on the fractured surfdce. „ 

II. Manganese has a strong affinity for oxygen. It is capa- 
ble of forming, at least, 4 oxides, and there are strong reasons 
for believing in the existence of a fifth, which contains less 
oxygen than any of the otl^rs. But it is not of much conse- 
quence, as. it neither possesses the properties of a base nor an 
acid. It has been distinguished by the name of svboxide. 

1. The protoxide of manganese constitutes the base of all 
the salts of manganese. It may be obtained by exposing the 
carbonate of manganese to a white heat in a covered crucible 
lined with charcbal ; or still more easily by passing a current 


* Ann. de Chim. et de Phys. xl. 329 . 
f Gehlen’s Jour. iii. 460 . 
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of dry hydrogen gas over binoxide or sesquoxide of manganes^ ramuy in. 

heated in a glass tubej but not to redness. Protoxide thus 

obtained is a light green powder, which very speedily becomes 
yellow and at last brown, by absorbing oxygen from the atmo- 
sphere. Even in the state of carbonate I have never been able 
to preserve it for any length of timd without a portion of it 
being converted into deutoxide. * • 

I satisfied myself by a careful analysis' of sulphate of man- 
ganese, that the atomic weight of protoxide of manganese is 
4*5. There can be little doubt from a comparison of it with 
the other oxides of this metalj^that it is a compound of 
1 atom manganese, ^ • 3’5 

1 atom oxygen, . . 1* 


4-5 

consequenlly the atomic Veight of manganese is 3*5, or the 
same as that of iron. 

2. The easiest way of forming the sesquoxide of manganese 
is to dissolve carbonate of mai\ganese in nitric acid, to evapo- 
rate the solution to dryness, and to raise the dry mass by degrees 
to an incipient red heat. What remains is deutoxide in a 
state of purity. It is a black powder having considerable lustre, 
but not in the least metallic. It is tasteless and insoluble in 
water; but it dissolves by digestion in sulphuric* and muriatic 
acids, and the solutions are rpd. The muriatic acid solution 
becomes gradually colourless, but the sulphuric acid solution 
may be kept unaltered for apconsidesable length of time. This 
oxide occurs native in considerable quantity, both anhydrous 
and in the state of hydrate. The anhydrous has been called 
braunite by Haidinger ; it*is a gray lilaok without much lustre, 
and very hard. When the native binoxide of manganese is 
exposed to a low red-heat it is converted iutosesg'Moa^irfe, a quan- 
tity of oxygen being driven off. I have shown, by a very 
simple experiment, that when 4*5 protoxide of manganese is 
converted into sesquoxide its weight becomes 5.* It is there- 
fore a compound of 4*5 protoxide and 0*5 oxygen, or, which 
is the same, of 

1 atom manganese, . . 3*5 

atom oxygen, . . 1*5 

• ’ ~ 

5 

3. When sesquoxide or binoxide of manganese is exposed Red oxide. 

* First Principles, i. 368 , 



516 


SIMPLE ALKALI FJ ABLE BASES. 


Ch ap. IIL 


3. Binoxide. 


\x) a strong red-lieat, it gives out oxygen and assumes a new 
colour, whicM^ries according to the state of the oxide sub- 
jected to heat* If we employ the hydrated binoxide tlie colour 
is a rather fine red; but when we employ native binoxide or 
sesquoxide in a state of strong aggregation the colour is reddish 
brown or even brownish black. This red oxide occurs native ; 
and it is formed whenever the protoxide of manganese is 
strongly heated in an open vessel. It is in the state of red 
oxide that manganese is usually obtained in chemical analyse^. 
Arfvedson has shown that this red oxide is a compound of 

1 atom protoxide of manganese, . . 4’5 

2 atoms sesquoxide qf manganese, . . 10. 


14-5* 

or we may represent its constitution as follows, which is more 
convenient in chemical analyses, 

« Manganese, . . . 3*5 

Oxygen, . . . 1*333 

So that every 4*833 parts of it are equivalent to 4*5 parts of 
protoxide of manganese. 

This red oxide then is not a peculiar oxide of manganese, 
but a combination of two other oxides. It is precisely the same 
in its composition with the oxydum ferroso-ferricum of Berze- 
lius, and ha^ been called by Arfvedson oxydum manganeso- 
manganicum. 

4. The binoxide of manganese exists native, and has been 
called pyrolusite by Mr. JIaidingSr. Its colour is iron black, 
its lustre metallic, and its texture fibrous. It is soft, rather 
sectile, and has a specific .gravity vaj’ying from 4*94 to 4*819.-|- 
It constitutes the most important of all the species of manga- 
nese ore from the property which it has of giving out oxygen 
gas when heated. This oxide may be also formed artificially 
by various processes. Berthier obtained it by mixing carbonate 
of manganese with water an<^ passing a current of chlorine gas 
through the liquid,* till it exists in considerable excess. Car- 
bonic acid was disengaged, the manganese assumed a brown 
colour, and was partly dissolved in the state of muriate. What 
remained undissolved when the quantity of chlorine used was 
sufficient was a hydrated teroxide. By digesting it in acetic 
or dilute nitric acid the carbonate is dissolved out, if any should 

* Annals of Philosophy (2d series), vii. 267. 

I found the specific ^avity of a specimen nearly pure only 4*69. 
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remain^ and tte pure hydrated binoxide obtaine*^ It'is a very 
bulky and very light powder; which retains ito( bulk when, 
dried on the water-bath, and assumes a dark brown colour, and 
adheres strongly to those bodies with which it comes in con? 
tact. From Berthier’s analysis it appears to be a compound of 
1 atom binoxide, . • ‘ 

1 atom water, . * 1*125 


6*625 

But the qu^tity of water actually obtained was only 0*75 of 
an atom. For he found the hydrated oxide composed of 
Binoxide, ... 88 

Water, ... 12 


100 * 

When a neutral solution of protoxide of manganese is mixod 
with a solution of chloride of soda, made by adding carbonate 
of soda to a solution of neuti;p,l chloride of lime till the lime 
is all precipitated, a beautiful black precipitate falls, which, 
when washed and dried, I found a compound of 

3 atoms binoxide of manganese, . . 16*5 

1 atom water, .... 1*125 


17*628 

It is therefore a trishydrated biiioxide.+ 

W^hen we precipitate muriate of manganese by neutral chlo- 
ride of lime, we obtain a very bulky, light, tasteless powder, 
having a pretty deep reddish brown colour, and which I found 
by analysis to be a compo'und of 

9 atoms binbxide of manganese, 

1 atom lime, 

12 atoms water. 

The lime cannot be removed by washing, but probably it 
would by digestion in nitric or abetic acid* 

♦ Ann. de Chim. et de Phys, xx. 191. 

•j" Was this the same with the hydrated binoxide which Berthier obtained 
by boiling concentrated nitric acid in the hydrated binoxide, formed by a 
current of chlorine ? He found the new hydrate a compound of 
BiDoxi(je, . 95*5 or 24 

Water, . . 4-6 or* 1*125 

100*0 

This is rather more than 4 atoms of manganese to I atom of water. It 
should therefore be a tetrahydrated binoxide. 


Fsmiir'.ni. 
Sect. II. 1 
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Chap. III. 


4- Manga, 
nesic acid. 


I fotmd tlu£t when 5*5 parts of anhydrous binoxide of man- 
ganese are heated to redness they give out 0*5 of oxygen, and 
are converted into sesquoxide. This experiment was corro- 
'oorated by Berlhier. He heated 18*8 parts of pure native 
binoxide from Crettnich to whiteness in a charcoal crucible. 
It was converted into protoxide, and had lost 3*42 parts of its 
weight which was oxygen.* Thus it appears that binoxide of 
manganese is a compound of 

Protoxide, . . 15‘38 or 4’5 

Oxygen, . r . 3*42 or 1’0006 

4*5 represents the atomid weight of protoxide of manganese, 
and 1*0006 comes so near 1 atom of oxygen, that we can have 
no hesitation in concluding that binoxide is a compound of 

1 atom protoxide, .' . 4*5 

1 atom oxygen, . . 1. 


5*5 

Now as the protoxide contains just one atom of oxygen, it is 
plain that binoxide of manganese is a compound of 
1 atom manganese, . . 3*5 

^ atoms oxygen, . . 2 

• • 5*5 

5. Scheele first discovered that yrhen binoxide of manganese 
is strongly heated with potash or saltpetre, and the mixture dis- 
solved in water, a fine red solution is obtained; which, from 
the property that it ha^ of»changing< its colour, by spontaneous 
decomposition, he called chameleo.'i mineral. Cheviller and 
Edwards showed that from this chameleon mineral a red col- 
oured salt might be obtained, composed of an acid, having man- 
ganese for its base and potash. To this acid the name of manr- 
ganesic has been given. Wlien the crystals of this salt are 
heated in contact with hydrogen gas they set it on fire. They 
detonate violently with phosphorus, set firh to sulphur, arsenic, 
and antimony, and indeed to all combustible bodies tried.f A 
very important set of experiments on manganesic acid was made 
by Dr. Forchhammer, and published by him in 1820, in his 
Thesis de Mangano. In the year 1824, an elaborate set of 
experiments on it, together with an analysis of it, was published 


* Ann. de Cbim. et dePhys. xx. 190. 


f Ibid. viii. 337. 
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by Professor Frommherz;* and in 1826 it was a^n prepared* 
and analyzed by Unverdorben.-(- 

Various methods of obtaining this acid in a separate state 
have been proposed, several of them founded on the method 
first practised by Dr. Forchhammer, an^ which I have described 
elsewhere.^ The method employed by Frommherz ^s this : 
He mixed together 2 parts of nitrate of barytes and 1 part of 
binoxide of manganese, and exposed theWxture in a crucible 
ts a strong red-heat. By this process he obtained a light 
green mass, which Forchhammer had shown to be a subman- 
g^nate of bfirytes. This mafter was reduced to a very fine 
powder, suspended in water and decomposed by a current of 
carbonic acid gas disengaged from powdered calcareous spar, 
by means of diluted sulphuric acid. The water amounted to 
about 30 times the weight of the submanganate. It was put 
into a glass cylinder, and was very frequently stirred during 
the whole operation. The current of carbonic acid was con-* 
tinned till the liquid assumed a violet colour, and till the sedi- 
ment at the bottom was no longer green but had become brown. 
To throw down the carbonate of barytes, which was in solu- 
tion, the liquid was boiled for a quarter of an hour. Only a 
very little barytes now remained in solution, which was thrown 
down by a drop or two of sulphuric acid. The liquid now con- 
sisted of a solution of manganesic acid in water. It was concen- 
trated by boiling, and then eVaporated dryness in a gentle 
heat. 

Manganesic acid thus obtained was in very small needles, 
which appear from Frommherz’s analysis to be a compound of 
2 atoms manganesic>acid, 

1 atom water, 

or to be a dihydrated acid. This water is essential to the exist- 
ence of the acid. When we attempt to drive it off the acid is 
decomposed. The colour of manganesic acid is dark carmine 
red. It has no smell. It has ai disagreeable taste, a kind of 
mixture of bitter and astringent. It is heavier than water. It 
is capable of being converted into vapour by heat, and may 
be again condensed without decomposition. When mixed with 
sulphuric acid the temperature rises to at least 266°, and a violet 
vapour rises. When* this vapour was condensed by Fromm- 
herz he found it a combination of mangafiesic and sulphuric 
acid. But Unverdorben assures us that he obtained pure man- 

• Schweigger’s Jahrbuch, xi. 257. Poggendorf’s Annalen, vii. 322. . 
t First Principles, i. 372. 
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Chap. III. ganesic acid by distilling a mixture of manganate of potash and 
sulphuric acid. This vapour has a strong and very pepuliar 
smell. 

«• This acid is not very soluble in water. The specific gravity 
of a saturated solution, at 68°, is only 1*005. This solution, by 
transmitted light, has a dark violet colour inclining to carmine. 
T^he colouring powers of this acid are very great. 

Manganesic acid is gradually decomposed by exposure to 
light. It is decomposed also by heat. The aqueous solutiofi, 
if kept at a temperature between 112° and 120°, gradually 
loses its colour, sesquoxide of 'manganese being 'precipitated. 
The decomposition is stili more rapid when the water is kept 
boiling hot. Oxygen, azote, and chlorine have no action on it 
whatever. Iodine decomposes it in consequence of its conver- 
sion into hydriodic acid. Hydrogen^ phosphorus, sulphur, and 
o^rcoal, decompose it. Most of the metals have the same 
effect. It is decomposed by zinc, iron, bismuth, copper, anti- 
mony, lead, mercury, and silver 'in a longer or ghorter time. 
These metals were put into the aqueous solutions in the state 
of filings. Some decomposed the acid in a few days, others 
required several weeks. 

Sulphuric acid, nitric acid, phosphoric acid, arsenic acid, 
chromic acid, boracic acid, and carbonic acid, have no action on 
it. Sulphurous acid and smoking nitric acid destroy it imme- 
diately without thro\^ing down any manganese. It is decom- 
posed also by all the hydracids. , 

Manganesic acid was analyzed by Frommherz by exposing it 
to heat ; it was reduced to sesquoxide, oxygen gas, and water. 
From 2*14 parts of thq. ad!d in needles he obtained 

Sesquoxide of manganese . . 1*64 

Oxygen ..... 0'32 

Water . , . . . 0*18 


2*14 

Now the atomic weight of sesquoxide of manganese is 5, and 
164 is to 32 as 5 to 0*98. 0*98 (which differs very little from 
1*) is the quantity of oxygen which must unite to sesquoxide 
of manganese to convert it into manganesic acid. W^e can have 
no hesitation in considering manganesic acid as a compound of 

* The reason of the deficiency is that Frominherz estimated the specific 
gravity of his oxygen gas too low. But as he has not given the volume of 
oxygen gas I cannot apply any correction. 
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1 atom sesquoxide . . 6 Fnnuyiu. 

1 atom oxygen . . 1 


6 

Hence its atomic weight is 6. With .this view of the compo- 
sition of the acid the analysis of Unverdorben agreps. But 
sesquoxide of manganese contains 1*5 atoms of oxygen. Con- 
sequently manganesic acid is a compound of 
* 1 atom manganese . . 8*5 

atoms oxygen . . 2*5 

* 6 . 

It agrees therefore in its constitution with phosphoric, arsenic, 
antimonic, and chromic acids. 

The bihoxide of manganese seems to possess properties 
approaching much more nearly to those of an acid than an alkali. 

It is found united in definite proportions to barytes in th^ 
manganese ore called by Haidinger Pslomelanite, which is a 
compound of * 

3 atoms subsesquihydrate of teroxide, 

1 atom quadromanganite* of barytes. 

I find also that it combines in definite proportions with lime, 
and doubtless it may be united also to other bases. 

6. There is a native mineral which occurs in Warwickshire, varvidte. 
and which Mr. Philips, who filst examinai it, has distinguished 
by the name of Varvicite. , Dr. Turner observed it also in a 
specimen of manganese ore from lElefeld. It resembles bin- 
dxide ; but is distinguished by a stronger lustre and a foliated 
texture. It yields water \fhen heated, and has a specific gravity 
of 4*531. 100 parts of it b«ing strongly heated, gave out 7*385 
grains of oxygen and 5*725 grains of water. There remained 
86*89 grains of red oxide of manganese. Hence the constitu- 
ents are 

Manganese . 62*92 or 3*5 

Oxygen . . 31*355 or 1*744 

Water . . 5*725 


lOO'OOOf 

Now 1*744 approaches so near 1*75 (which furnishes a definite 
proportion of oxygen,) that we can have no*hesitation in fixing 

* By this term manganite 1 express the combination of binoxide of man- 
ganese with a base. 

t See Phil. Mag. (2d series), v, 209 ; vi. 281 ; vii. 284. 
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Chap. 111. 


Chlorides. 


IVotochJf'- 

ridc. 


upon that number as the true weight of oxygen united to 3*5 
manganese. Hence 2 atoms of manganese would be united with 
3*5 oxygen. It is obvious from this that varvicite is a com- 
pound of 

^ Mang. Oxygen. 

1 atom sesquoxide . . 3*5 +1*5 

1 atom binoxide . . 3*5 + 2 


7* + 3*5 

It therefore resembles red oxide in its nature ; being, however, 
a compound of two different oxides. The water aidounts to half 
an atom. Thus the compounds of manganese and oxygen at 
present known amount to six, four of which are direct combina- 
tions of manganese and oxygen, tlie other two compounds of two 
particular oxides. The following little table exhibite the com- 
position of these oxides 


e 


Mangan. Oxygon. 


Mang. Oxy. 


Atomic 

iveight. 


1. Protoxide 1 atom 4- 1 htom or 3*5 4- 1 


2. Sesquoxide 1 

3. Binoxide 1 

4. Manganesic acid 1 

5. Red oxide 1 

6. Varvicite < 1 


4- 3*5 4-1*5 

4-2 3*5 4- 2 

4- 2^ 3*5 4- 2*5 

4- 3.5 4- 1-33 

4- If 3*5 4. 1*75 


= 4*5 
= 5 
= 5*5 
= 6 

= 4*833 
= 5*25 


The fractions in thp last two onides disappear when we state 
the composition as follows ; 

Red oxide is a compound of ’ 

1 atom protoxide . . 4*5 

2 atoms sesquoxide . 10* 


Varvicite of 

1 atom sesquoxide 
1 atom binoxide. 


14*5 


5* 

5*5 


10*5 

III. The oxides of manganese have been examiqed with 
great care ; but the chlorides have not hitherto attracted much 
of the attention of chemists. At present we know only two 
chlorides; namely, Ahe protochloride and perchloride analogous 
to the protoxide and manganesic acids. The chlorides analogous 
to sesquoxide and binoxide have not yet been discovered. 

1. The protochloride was first described by Dr. John Davy. 
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He obtained it by dissolving tbe black oxide of manganese in F«>»ay hi- 
muriatic acid, evaporating the solution to dryness, 'and exposing 
the white salt that remains to a red heat in a glass tube with a 
very narrow orifice. It is a substance of a pure delicate light pinl<« 
colour and of a lamellar texture, consisting of broad thin plates. 

It melts at a red heat without alteration in close vessels ; but 
in the open air it is decomposed, muriatic acid being given out 
and oxide of manganese remaining. When left in an open vessel 
itMeliquesces and is converted into muriate of manganese. 

It is obvious from the phenomena of its formation, and from 
its being cdbverted into neufral muriate of manganese by 
absorbing water, that it is a compoufld of 

1 atom chlorine . . 4*5 

1 atom manganese . . 3*5 

8 

so that its atomic weight is 8. 

2. Perchloride of manganese was discovered by M. Dumas. a^Vcrchio- 
His method of procuring it is to*form the common green chame- 
leon mineral and to change it to red chameleon by means of 
sulphuric acid. When the solution is evaporated, a mixture 
of sulphate and manganate of potash is obtained. Mix this mat- 
ter with concentrated sulphuric acid, and project iiito it common 
salt by small fragments at a time, as long as coloured vapours 
continue to exhale. The percRloride of manganese is given out 
in the form of a green vapoui^ which being made to pass through 
a glass tube surrounded with a mixture of snow and salt, con- 
denses into a greenish-brown liquid. It retains its elastic form 
at the ordinary temperatuife of the atmosphere, and is so heavy 
that it may be poured fron» one vessel into another. When it 
comes in contact with water or is mixed with the vapour of 
water, it is immediately decomposed into muriatic acid and man- 
ganesic acid. It is obvious from this that it is a compound of 
2^ atoms chlorine • . : 11*25 

1 atom manganese . . 3*5 

14*75 

so that its atomic weight is 14*75.* 

IV. Nothii^ is knoVn respecting the bromides and iodides 
of manganese. 

V. A curious compound has been discovered by M. Dumas Perfiuoride. 
and M. W^dhler, which has every appearance of being a per- 
fluoride of manganese, analogous to manganesic acid. The 

* Ann. de China, et de Pbys. xxxvi. 81 . 
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Chap. IlL 


Carburet. 


Fhosphuret. 


method of obtaining it was to miy in a platinum retort 2 parts 
of chameleon'’ mineral, one part of floor spar in powder^ and a 
sufficient quantity of concentrated sulphuric acid to convert 
• the whole into a paste. The beak of the retort was plunged 
into a platinum crucible containing water. A greenish-yelkno 
coipes over, which is rapidly absorbed by the water, and 
trages it of a beautiful purple. The solution consists of a mix- 
ture of fluoric acid and manganesic acid. Hence it is obvious 
that the gas must have been a compound of 

2|^ atoms fluorine . . 5*625 

1 atom manganese* . . 3*^ 


9*125 

The property which glass has of destroying this gas by com- 
bining with the fluorine, has put it cut of the powei*of chemists 
to examine its properties in detail. When the water containing 
it is evaporated, oxygen gas is given out and the manganesic 
acid decomposed.* • 

VI. Nothing is known respecting the compounds which 
manganese may be capable of forming with hydrogen and azote. 

VII. It appears capable of combining with carbon. This 
compound is formed occasionally in iron-founderies. And in 
this country, it is known by the name of Keesh. It occurs occa- 
sionally in small cavities in the mass of cast-iron, and seems to 
be the result of crylstallizing tfuring the cooling of the mass. 
It is composed of thin scales havijig the lustre and appearance 
of steel; but very brittle. It was considered as plumbago; 
and Dr. W^ollaston examined it and found that acids have the 
property of separating, fr<Wa it a littlfe iron. The residuum he 
found a compound of carbon and manganese. It is therefore a 
carburet of that metal. Its specific gravity when purified I 
have found 2*982. 

VIII. Nothing is known respecting the compounds of man- 
ganese with boron g,nd silicon. 

IX. Phosphorus may be combined with manganese by melt- 
ing together equal parts of the metal and of phosphoric glass ? 
or by dropping phosphorus upon red-hot manganese. The 
phosphuret of manganese is of a white colour, brittle, granu- 
lated, disposed to crystallize, not alter^ by exposure to the 
air, and more fusible than manganese. When heated the 
phosphorus burns, and the metal is oxidized.f 

X. We are at present acqumnted with only one sulphuret 

• Ann. de Chim. et de Phys. xxxvi. 82; and xxxvii. 101. 

't' Pelletier, Ann. de Chim. xiii. 137. 


Sulphuret.' 
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of manganese, which may be obtained by various processes. 
If we mix anhydrous sulphate of manganese with it® 

weighs of charcoal powder, and expose the mixture to an inci- 
pient white heat for some time in a covered crucible, it is con- 
verted ^into protosulphuret of manganese. * If we put protoxide 
of manganese into a glass or porcelain fube and pass a current 
of sulphuretted hydrogen gas over it while heated to redness 
till all formation of water is at an end, we 'obtain pure sulphu- 
retted manganese.f Sulphuret of manganese exists native, 
having been found at Nagyag in Transylvania, and in Corn- 
wall. It is a»black opaque substance with a dark green streak. 
When formed artificially it is green. Its specific gravity is 
about 4 ; and it is said to occur crystallized in cubes. When 
dissolved in acids it gives out sulphuretted hydrogen in abund- 
ance, and is converted into a salt of protoxide of manganese. 
It is evident from this that*it is a compound of 

1 atom manganese, . . 3*5 

1 atom sulphur, ^ . . 2 


5*5 

so that its atomic weight is 5*5. 

The native sulphuret is a compound of 17 atoms manganese 
and 18 atoms sulphur. It is probable from this that a bisul- 
phuret of manganese also exists, and that the natil^e sulphuret 
consists of • 

16 atoms sulphuret, 

1 atom bisulphuret. 

2. When a current of hydrogen gas is passe<l dirough anhy- 
drous sulphate of manganege, heate<^|o redness in a glass tube, 
one half of the sulphur is awried off, and one half of the man- 
ganese is reduced to the metallic state. Hence it is obvious that 
the light green powder thus formed is a compound or mixture of 
1 atom sulphuret of manganese . . 5*5 

1 atom protoxide of manganese .. . 4*5 

lO't 

When carbonate of manganese is heated with sulphur, the 
manganese is converted chiefly into sulphuret, but there is 
always formed, at the same time, a little sulphate of manga- 
nese which renders the sulphuret impure.§ • 

* Berthier, Ann. de Chim. et de Phys. xxiv. 273. 
t Arfvedson, Annals of Philosophy, vii. 332. 
j Ibid. vH. 329. § Ibid. p. 333. 
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Chap. iiL ' XI. Nothing is known respecting the combinations of 
manganese with selenium, tellurium, arsenic, antimony, and 
chromium. 

Equal parts of manganese and molybdenum melted into an 
irregular button, not fusible before the blow-pipe, and not col- 
ouring borax till after 'it had been roasted.* 

Manganese witli tungsten gave a button of a dark-bluish 
brown colour and eai thy aspect ; and, on examining the internal 
part of it with a lens, it resembled impure dross of iron : it 
weighed 107 grains."! 

Nothing is known respecting its compounds wHh potassium, 
sodium, lithium, borium, strontium, calcium, or magnesium. 

It combines readily with iron ; indeed it has scarcely ever 
been found quite free from some mixture of that metal. Manga- 
nese gpves iron a white colour, and renders it brittle. 

From Berzelius’ experiments we fearii, that manganese enters 
•» «s a constituent into cast-iron. 

SECTION III. OF NICKEL. 

History. There is found in different parts of Germany a heavy mineral 

of a reddish brown colour, not unlike copper. When exposed 
to the air, it gradually loses its lustre, becomes at first brownish, 
and is at last covered with green spots. It was at first taken 
for an ore off copper ; but as none of that metal can be extracted 
from it, the miners gave it the name of Kupfemickel., or “ false 
copper.” Hierne, who may be considered as the fatlier of the 
Swedish chemists, is the first person who mentions this mineral. 
He gives a description of it in a book published by him in 1694, 
on the art of detecting n^tals. It was generally considered by 
mineralogists as an ore of copper^ till it was examined by the 
celebrated Cronstedt. He concluded from his experiments, 
which were published in the Stockholm Transactions for 1751 
and 1754, that it contained a new metal, to which he gave the 
name of nickel. 

This opinion was embraced by all the Swedes, and indeed 
by the greater number of chemical philosophers. jSome, how- 
ever, particularly Sage and Monnet, affirmed that it contained 
no new metal, but merely a compound of various known metals, 
which could be separated from each other by the nsual processes. 
These assertions induced Bergman to undertake' a very labori- 

* Crell’s Annals, p. 376. 

f Chemical Analyses of Wolfram, translated by Cullen, p. 68. . 
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ous course of experiments, in order, if possible, to obtain nickel' 
in a state of purity ; for Cronstedt had not been able to sepa- 
rate. a* * * § quantity of arsenic, cobalt, and iron, which adhered to it 
with much obstinacy. These experiments, which were published 
in 1775,* fully confirmed the conclusions of Cronstedt. Berg- 
man has shown that nickel possesses jfeculiar properties ; and 
that it can neither be reduced to any other metal, noi* formed 
artificially by any combination of metals. • It must therefore be 
considered as a peculiar metal. It may possibly be a compound, 
and so may likewise many other metals ; but we must admit 
every thing to be a peculiar body which has peculiar properties, 
and we must admit every body to bq simple till some proof be 
actually produced that it is a compound ; otherwise we forsake 
the road of science, and get into the regions of fancy and 
romance. , 

Nickel is rather a scarce mineral, and it occurs always in 
combination with several other metals, from which it is exceed* 
ingly difficult to separate it. ^ These metals disguise its proper- 
ties, and account in some measure for the hesitation with which 
it was admitted as a peculiar metal. Since the great improve- 
ments that have been introduced into the art of analyzing mine- 
rals, chemists of eminence have bestowed much pains upon this 
metal, and a variety of processes have been published for pro- 
curing it in a state of purity. For the brittle meCal that is sold 
under the name of speiss contains abundanpe of iron and arsenic, 
and some cobalt, copper, and bismuth. The first set. of experi- 
ments, after those of Bergmdn, made expressly to purify nickel, 
are those of the School of Mines of Paris, of which Fourcroy 
published an abstract.f met]|ipd was tedious and incom- 

plete. Since the publication of these Experiments, no fewer 
than twelve other processes have been proposed by chemists, all 
of them ingenious, and attended each with peculiar advantages 
and inconveniences.^ 

In the year 1804 an elaborate j)aper on nickel was published 
by Richter,§ and in the year 1811 an excellent set of experi- 
ments on this metal and its combinations was published by 

* Bergman, ii. 231. t Discours Preliininaire, p. 1 17. 

Mr. Philips published process in Phil. Mag. xvi. 312; Proust another 
in Jour, de Phys. Ivii. 169 ; Thenard another, in Ann. de Chim. I. 117; 

Bucholz another, in Gehlen’s Jour, ii 282, and ii*. 201 ; Richter a fifth, V 
Ibid. iii. 244; and Proust a sixth, Ann. de Chim. lx. 275. Since that time 
we have new processes by Laugier, Berthier, Mill, and Wohler. 

§ Oehlen’s Journal, iii. 244. 
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Chap. in. 


How obtain- 
ed. 


Tupputi.* About tbe same time an elaborate analysis of its 
oxides was made by Rothoff.f 

T upputi’s mode of obtaining pure nickel is as follows : The 
impure metallic substance to be met with in commerce called 
tpeisSi is to be reduced to powder and digested in 2^ times its 
weight of nitric acid diluted with an equal weight of water. 
When the action is at an end, filter the solution in order to get 
rid of a quantity of •arsenious acid which exists in it in the 
state of a powder. Evaporate the liquid to 4 ^th of its bulk ; 
more crystals of arsenious acid will ; let them be separated 
by a filter. Then into the liquid, still hot, drop by degrees a 
solution of carbonate of soda till the precipitate which falls 
begins to assume a green colour.:]: Then filter the liquid, dilute 
it with a good deal of water, and add an excess of acid, and pass 
through it a current of sulphuretted hydrogen gas in order to 
precipitate the whole of the arsenic. It falls in the state of 
y-ollow flocks. When it has been all thrown down, filter again 
and add a sufficient quantity of potash to precipitate the oxide 
of nickel which now remains combined with nitric acid. Mix 
this oxide with 3 per cent, of resin, make it into a paste with 
oil, and expose it to the most violent heat of a forge in a char- 
coal crucible. A metallic button of pure nickel will be obtained. 

Berthier has paid great attention to the preparation of nickel, 
and has mad5 us acquainted with various processes by which it 
can be effected. Bpt the one which he considers as the best 
and cheapest is tlm following : Speiss, which is chiefly arseniet 
of nickel, mixed with three or four Other metals, is the substance 
from which nickel is to be obtained. Reduce the speiss to pow- 
der, and mix it with twice its weight of litharge, and fuse^^it 
rapidly in a wind furnace. On cooling we obtain a mass of lead, 
a new speiss, and scoriae. The new speiss is very nearly freed 
from all the foreign metals. And by repeating the process we 
convert it into pure arseniet of nickel. The same purification 
is accomplished by fusing the speiss repeatedly with half its 
weight of saltpetre.'^ By these processes the speiss loses rather 
less than half its weight. The arseniet is now roasted to drive 
off as much of the arsenic as possible. The roasted ore is 
mixed with the tenth of its weight of metallic iron, and digested 
in nitric acid to which a little muriatic <acid is added from time 

* Ann. de Chim. Ixxviii. 133. f Berzelius’s Larbok i keniien, ii. 311. 

t There first falls arseniate of iron in yellowish- white flocks, then arse* 
niate of cobalt in rose-red flocks, mixed with arseniate of copper and some 
arseniate of manganese. 
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to time. . Evaporate the solution almost to dryness to get rid 

of the excess of acid, and add a considerable quantity of water. 1 

The greatest part of the arseniate of iron remains in flocks. 

The small quantity contained in solution is thrown down by< 
adding carbonate of ammonia to the ^lution, drop by drop, 
taking care to avoid all excess. A current of sulphuretted 
hydrogen gas is now passed through the liquid, to throw down 
any copper or lead that might be accidentally present. The 
filtered liquid is now evaporated to dryness, and the residue 
exposed to a white heat. %!t is pure protoxide of nickeL* 

Wohler hsls proposed the fdllowing method of purifying 
nickel. He mixes powdered speiss with three times its weight 
of carbonate of potash, and as much sulphur, and fuses the mix- 
ture in a covered Hessian crucible* The matter is allowed to 
cool and tlien digested in y^ater, which dissolves liver of sul- 
phur, and leaves a brass yellow powder which is sulphuret of 
nickel. This powder is well washed with water, and is now 
quite free from arsenic.f 

The sulphuret of nickel thus bbtained may be dissolved in a 
mixture of nitric and sulphuric acid, and a stream of sulphuretted 
hydrogen gas may be passed through the liquid, t6 throw down 
any copper that may happen to be present. We may then 
throw down the protoxide of nickel by means of, an alkaline 
carbonate, and reduce it to the metallic state by exposure to a 
high temperature in a charcoal trucible. 

The process which I have been accustomed fS) follow is rather 
easier than any of the preceding, and,T believe, equally effica- 
cious. It is as follows : Reduce speiss to a coarse powder, 
and digest it in dilute sulphuric acid^fro which enough of nitric 
acid has been added to occasion a brisk effervescence. Con- 
centrate the, solution and set it aside. Fine green coloured 
crystals of sulphate of nickel are deposited. Dissolve these 
crystals in water, and pass a stream of sulphuretted hydrogen 
gas through the solution, in order 4o thi^^ down a little copper 
which is psually present. Then cryst^ize a second time. 
Redissolvl^lp^water, and throw down the oxide of nickel by an 
alkali or alt^in e carbonate. 

By this^iJj^cess of mine nickel is freed from every impurity, 
except a mtie cobalt wKich speiss usually contains, and which 
none of the preceding steps has eliminated. * Two methods of 
separating this cobalt Ij^ve been suggested, both of which are 

* Ann. de Chim. et de Phys. xxxiii. 49. 
t Poggendorrs Annalen, vi. 227. 

2 M 


T. 



530 


SIMPLE ALKALIFIABLE BASES. 


Chap. 111. 


Properties. 


easy. The first method is this : Convert the oxide of nickel* 
- supposed to contain cobalt, into oxalate, and dissolve the oxalate 
in dilute ammonia. Leave the solution exposed to the air ; the 
‘nickel is deposited in the state of ammonio-oxalate, while the 
cobalt remains in solution giving it a red colour. The reason 
js that Jboth of these ammonio-oxalates are soluble in ammonia, 
but only the ammonio-oxalate of cobalt is soluble in water.* 
The other method is to mix the oxide of nickel containing 
cobalt with water, and to pass a current of chlorine gas through 
it for some time. ^ The cobalt is converted into peroxide which 
remains un dissolved in the state of a black powder, but the oxide 
of nickel dissolves and fbrms a solution of muriate of nickel. 
This process was suggested by Berthier. A good deal of the 
nickel remains also undissolved in the state of peroxide. 

Dobereiner assures us that if oxalate of nickel be put into a 
glass tube, and exposed to the heat of a spirit lamp, till every 
thing volatile has been driven off, the ash gray powder that 
remains is pure metallic, nickel. Oxalate of cobalt may be 
reduced in the same way.t 

I. Nickel, when pure, is of a fine white colour resembling 
silver ; and, like that metal, it leaves a white trace when rub- 
bed upon the polished surface of a hard stone.:}: It is rather 
softer than iron. Its specific gravity, according to Richter, after 
being melted, is 8*279; but when hammered, it becomes 8*666.§ 
But Tourte found the specific gravity of Richter’s nickel 8*402, 
and when strongly hamniered it was as high as 8*932. |1 Accord- 
ing to Tuputi, when fused it is 8*380, and after being ham- 
mered it is as high as 8*820.^ I obtained it from the sulphate 
of the specific gravity 8*03; but "it contained carbon. It is 
malleable both cold and hot; and may without difficulty be 
hammered out into plates not exceeding the -j-ijj part of an inch 
in thickness.** It is attracted by the magnet. Like steel it 
may be converted into a magnet ; and in that state points to 
the north when freely suspended precisely as a common mag- 


• Laugier ; Ann. de Chiin. et de Phys. ix. 267. 
f Schweifiger’s Journal, xxvi. 
j Fourcroy, Discours Preliminaire, p. 117. 

5 Gehlen’s Journal, iii. 252. “ 

S Gehlen’s JournSl fur die Chemie, Physick und Mineralogie, vii. 444. 
From Lampadius’ experiments it appears that this nickel contained cobalt and 
arsenic. Tromsdorf ’s Journal, xvi. 49, as quoted by Tuputi. 
q Ann. de Chim. Ixxviii. 140. 

** Richter, Gehlen’s Jour. iii. 252. 
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netic needle. Acco rding to Lampadius, its magnetic energy* 
is to that of iron as 35 to SS.-j- It requires for fusion a very ' 
high lemperature.J It has not hitherto been crystallized. It 
is not altered by exposure to the air, nor by keeping it undes 
water.§ From the experiments of Tuputi, it appears that 
preparations of nickel possess poisonous qualities. || 

II. Nickel, when moderately heated, is soon tarnished; and oxHea. 
from the observations of Tourte, it appeafs that it runs through 
ntarly the same changes of colour that steel does when tem- 
pered. It becomes first light-yellow, then deep-yellow, light 
violet-blue, •and last of all gfayish-blue.^ It is capable of 
combining with two proportions of oxygen, and of forming two 
oxides. The protoxide is blackish ash gray^ the peroxide black. 

1. By exposure to heat, however long continued, Tuputi was Protoiide, 
not able to oxidize this n\ptal completely. The protoxide is 
easily procured by dissolving nickel in nitric acid, and throw- 
ing it down by potash, and after washing the precipitate, dr^T" 
ing it and heating it to redness. The colour of this oxide is 
ash-gray, it is not magnetic anTl dissolves very readily in acids, 
but is insoluble in caustic fixed alkalies. Caustic ammonia 
dissolves it, and the solution has a fine sky-blue colour, and is 
precipitated by caustic potash, soda, barytes, strontian, or lime. 

When we attempt to separate this oxide from hollies insoluble 
in ammonia by means of that alkali, we find tliat a portion of 
it always remains attached to* the insoluble base, which pre- 
vents us from succeeding ^n our object. I have shown by a 
careful analysis of sulphate of nickel *that the atomic weight of 
this oxide is 4*25.** If we consider it as a compound of 
1 atom nickel . . 3*25 

1 atom oxygeik . . 1 

4*25 

* Bergman, Klaproth, Fourcroy, Richter, &’c.— Mr. Chenevix had an- 
nounced a method of procuring nickel which wa# not magnetic; but he 
afterwards ^certained, that it owed this peculiarity to the presence of 
arsenic. 

•I* Annals of Philosophy, v. 62. 

^ According to Richter, its melting point is as high as that of manganese. 

Tuputi thinks it rather Id^rer. I have reduced oxide of nickel in a heat 
which had no effect on carbonate of manganese. 

^ Richter, Ibid. 

II Ann. de Chim. Ixxx. 188. 

5 Gehlen’s Journal, fur die Chemie, Physik, &c. vii. 443. 

** First Principles, i. 358. 
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Cbap. nr. 


Sesquoxide. 


Chloride. 


Iodide. 


the atomic weight of nickel will be 3*25. The experiments of 
Rothoff lead to the conclusion that the atomic weight of nickel 
is 3*71. Berzelius states it at 3’69675 ; but from what data he 
does not inform us. Lassaigne makes it 5 ;* but this estimate 
is undoubtedly above the truth. Bucholz was of opinion that 
there exists a suboxide which is obtained by decomposing sub- 
liined chloride of nickel by caustic potash. It is yellow, and 
is neither soluble in ‘caustic ammonia nor in the carbonate of 
that alkali. I consider the existence of this suboxide as doubtful. 

2. The peroxide of nickel was first examined by Thenard. 
It may be formed by causing a current of chlorine gas to pass 
through water holding protoxide of nickel suspended in it ; a 
portion is dissolved, and the rest acquires a black colour. This 
oxide is soluble in ammonia as well as the last ; but tlie solution 
is accompanied witli effervescence,^ owing to the decomposi- 
tion of a part of the ammonia by the combination of its hydro- 
gen with part of the oxygen of the oxide. A similar efferves- 
cence accompanies its solution in acids, occasionedby the separa- 
tion of a portion of its oxygen in Vhe state of gas.-)- F rom th e expe- 
riments of Rothoff, it appears that this oxide contains li times 
as much oxygen as the protoxide. Hence it is a compound of 
1 atom nickel . . 3*25 

li atom oxygen . . 1*5 


4*75 

so that its atomic weight is 4*75. ^ 

When the protohydrafe of nickel is treated with deutoxide 
of hydrogen a dark green matter is formed, which has not been 
examined, b;it which Thonard considers as containing more 
oxygen than the black* oxide. ^ 

III. Nickel does not burn when introduced into chlorine gas. 
Its oxide is not altered though heated to redness in that gas.^ 
But the chloride of nickel may be formed by leaving nickel in 
contact with chlorine g^, or fey subliming dry muriate of nickel. 
It is an olive-coloured substance, the properties of which have 

, not been examined. 

IV. The bromides and iodides of nickel have not been par- 
ticularly examined. According to Lassaigne when nickel and 
iodine are heated in a glass tube a brown fusible mass is obtained, 
composed of 23*81 nickel and 76*19 iodine. This corresponds 
with 

* Schweigger’s Jahrbuch, ix. 108. f Then^d; Ann. de Chim. 1. 125. 
t Davy; Phil. Trans. 181 1, p. 25. 
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I atom iodine . . 15*75 

li atom nickel . . 3*876 


19*625 

Nor is any thing known respecting the compounds which it may 
be capable of forming with hydrogen and azote. . ^ 

V. It combines with carbon and forms a carburet. Indeed, 
as usually prepared it is never destitute of carbon. Mr. Mill 
Ms given the following process for preparing carburetof nickel : 

Let native arseniet of nickel be finely pounded and mixed with 
charcoal also pounded, and exposed to a dull red heat for two 
hours in a flat bottomed crucible. Blow off the charcoal with 
a pair of bellou's and dissolve the nickel in nitro-sulphuric acid, 
evaporate and crystallize. Pick out the finest crystals, and mix 
them with ‘a small portion* of borax and charcoal powder, and 
fuse them in a crucible for a quarter of an hour in a strong red 
heat. Break the crucible, and a button will be found having a 
strong metallic lustre, very fasible and magnetic.* This but- 
ton Mr. Mill considers as a caA)uret, but it undoubtedly con- 
tains sulphur. In fact it ought to be a sulphuret composed of 

1 atom nickel . . 3*25 

1 atom sulphur . . 2 

( 

5*25 

The plumbago looking substsmce formed by Mr. Ross in his 
attempt to obtain nickel, may have been a carburet of nickel ; 
but unfortunately it has not undergone a chemical examina- 
tion.-f- Mr. IrvingJ it seems had obtained the same substance 
several years before. In ^y trials,* prqbably because my fur- 
nace produced a higher temperature, I always obtained a button 
of nickel perfectly fused ; but containing some carbon. 

VI. Phosphuret of nickel may be formed either by fusing Phcwphuret. 
nickel along with phosphoric glass, or by dropping phosphorus 

into it while red-hot. It is of a wliite colour^; and, when broken, 
it exhibits the appearance of very slender prisms collected 
together. When heated, the phosphorus bums, and the metal 
is oxidated. It is composed of 83 parts of nickel gnd 17 of 
phosphorus.§ This is exactly 3 atoms nickel and 1 atom phos- 
phorus. The nickel, however, on which this experiment was 
made, was not pure. * 

According to Lampadius it is composed of 100 nickel + 15 

* Annals of Philosophy (2d series), iii. 201. f Ibid. ii. 62. 

t Ibid. p. 149. . § Pelletier, Ann. de Cbim. xiii. 135. 
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1. Sulphured 


Chap. Ill, pho^horus, or 4 atoms nickel + 1 atom phosphorus. It is 
tin-white, according to him, and has the metallic lustre. It is 
moderately hard and very brittle. Its fracture is foliated, and 
it is not attracted by the magnet."* 

Suiphurets, VII. Two compounds of sulphur and nickel have been formed 
by chemists, namely, sulphuret and disulphuret. 
i. Sulphuret. j. Sulphuret of nickel exists native, and is known to mine- 
ralogists by the name of hanrkies. It occurs at Johangeorgen- 
stadt and Joachimsthal in delicate capillary crystals, of a braKs 
yellow colour. It is brittle, and before the blowpipe easily 
melts. It dissolves in nitromuriatic acid withoift any other 
residue than a little sulphilr. Arfvedson analyzed it and found 
its constituents 

Nickel . . . 64‘35 

Sulphur . ... 34*26 


This is obviously proportional to *• 
1 atom nickel . 
1 atom sulphur 


98*61t 


2. Bisulphu- 
rets. 


if we suppose, tlie loss to have been sulphur, which it probably was. 

The same sulphuret may be formed by passing a current of 
dry sulphuretted hydrogen gas 6ver oxide of nickel, heated to 
redness in a glass tube. When tl^us formed it has a dark gray 
colour ; and is not in the least attracted by the magnet.:}; 

2. When a current of dry hydrogen gas is passed over anhy- 
drous sulphate of nickel Ivcated in a glass tube to incipient red- 
ness, one-half of the sulphur passns off partly in the state of 
sulphurous acid, and partly in that of sulphuretted hydrogen 
gas. The sulphuret formed has a pale yellow colour, and 
when burnished assumes the metallic lustre. It is brittle, and 
is attracted rather strongly by the magnet. When dissolved 
in nitric acid it leaves a residue of 8ulphur.§ It is obvious from 
Arfvedson’s analysis that this substance is a disulphuret of nickel 
or a compound of 

2 atoms nickel . . 6*5 

1 atom sulphur . 2 


* Annals of Philosophy, iv. 63. 
Arfvedson, ibid. p. 339. 


t Ibid. (2d series), vii. 340. 
§ Ibid. p. 338. 
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VIII. Nothing is known respecting the combinations which 
nickel may be capable of forming with selenium and tellurium. 

IX. With arsenic nickel combines in two proportions form- 
ing an arseniet and diarseniet. 

1. Arseniet of nickel occurs native, and is the mineral knoum 
by the name of coppernickel. It has* a copper red colour, is 
brittle, has a specific gravity of 7*29, is not magnetic, and meks 
at a red heat. What is called speiss seems to be nothing else 
than impure coppernickel which has been fused. This com- 
pound, when pure, consists of 

1 atom nickel . . 3*25 

1 atom arsenic . . 4*75 


8 

so that it^ atomic weight is 8. This arseniet is easily made 
artificially by heating nickel and arsenic together. Arsenic has 
the curious property of depriving all magnetic metals of thfi£r 
property of becoming magnetic. 

2. Wlien arseniate of nickel is heated in a crucible lined 
with charcoal it is converted into a diarseniet^ which has a 
grayish-white colour without any shade of red, is brittle, and 
has a granular texture. Like the other arseniet it is not in the 
least magnetic.’* 

X. When one part of nickel in powder and 2 parts of anti- 
mony are heated together to redness, ^ley form a dark gray 
metallic powder.-f- 

XL Equal quantities of fholybdenum and nickel melted into 
a button, internally of a light-gray colour, yielding somewhat 
to the hammer before it broke, an^^ exhibiting a granular tex- 
ture. It was not magnetic, and did nf>t melt before the blow- 
pipe. When the proportion of molybdenum is increased, the 
i'usion of the alloy becomes more difficult; in other respects, its 
properties continue nearly the same.:}: 

XII. We arc ignorant of the alloys which nickel is capable 
of forming with the metallic bases of the fixed alkalies, alkaline 
earths and earths proper. It combines readily with iron; but 
the properties of the alloy have not been examined. Accord- 
ing to Lampadius an alloy of 5 parts nickel and 2 parts iron is 
moderately hard, quite malleable, and has the colour of steel.§ 

* Berthier j Ann. de Chim. et de Phys. xiii. 60. f Oehlen. 
t Crell’s Annals, p. 367. § Annals of Philosophy, v. 62. 
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History. 


SECTION IV. — OF COBALT. 

A mineral called cohalt^*^ of a gray colour, and very |ieavy, 
has been used in different parts of Europe, since the 15th cen- 
tury, to tinge glass of a blue colour. But the nature of this 
mineral was altogether unknown till it was examined by Brandt 
in 1733^ This celebrated Swedish chemist obtained from it a 
new metal, to which he gave the name of c6balt\ Lehmann pub- 
lished a very full account of every thing relating to this metal 
in 1761.J Bergman confirmed and extended the discovery of 
Brandt in different dissertations published in the year 1780.§ 
Scarcely any farther addition was made to our knowledge of this 
metal till 1798, when a pilper on it was published by Mr. Tas- 
saert.|| In the year 1800, a new set of experiments were made 
upon it by the School of Mines at Paris, in order to procure it 
perfectly pure, and to ascertain its properties when in that 
state.f^ In 1 802, a new series of trials was published by The- 
"liard, which throw considerable light on its combinations with 
oxygen.** And in 1806, Mr. Proust published a set of expe- 


* The word cobalt seems to be derived from cohaluSy which was the name 
of a spirit that, according to the superstitious notions of the times, haunted 
mines, destroyed the labours of the miners, and often gave them a great deal 
of unnecessary trouble. The miners probably gave this name to the mineral 
out of joke, because it thwarted them as much as the supposed spirit, by 
exciting false hopes, and gendering their labour often fruitless ; for as it was 
not known at first to what use the mineral could be applied^ it was thrown 
aside as useless. It was once customary rn Germany to introduce into the 
church-service a prayer that God would preserve miners and their works 
from kobaUs and spirits. See Beckman’s History of Inventions, ii. 362. 

Mathesius, in his tenth serm^Q, where he speaks of cadmia fossilis (proba- 
bly cobalt ore), says, “Ye m'ners call it cobalt; the Germans call the black 
devil and the old devil’s whores and hags, old and black which by their 
witchcraft do injury to people and to their cattle.” 

Lehmann, Paw, Delaval, and several other philosophers, have supposed 
that $vi;alt (oxide of cobalt melted with glass and pounded) was known to 
the ancients, and used to tinge the beautiful blue glass still visible in some 
of their works ; but we dearn from^ Gmelin, who analyzed some of these 
pieces of glass, that they owe their bltie colour, not to the presence of cobalt^ 
but of iron. 

According to Lehmann, cobalt ore was first used to tinge glass blue by 
Christopher Schurer, a glassmaker at Flatten, about the year 1540. 
f Acta Upsal. 1733 and 1742. « 

I Cadmialogia, oder Geschichte des Farben-Kobolds. 

§ Opusc. ii. 444, 501, and iv. 371. || Ann. de Chim. xxviii. 101. 

^ Foiircroy. Discours Prelimincure, p. 114. 

♦* Ann. de Chim. xlii. 210. 
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riments upon the same subject.* Considerable attention has F»«Jiyni. 
been lately paid to the purification of this metal ; but hitherto 
no one seems to have been fortunate enough to hit upon a 
method altogether free from objections.f 

As cobalt in the metallic state has qot been applied to any 
useful purpose, chemists to procure it are obliged to e/:tract it 
from its ore. The most abundant of these ores is cobalt glance, 
which occurs at Tunaberg in Sweden, and in which the cobalt 
ispunited with sulphur and arsenic. Many processes have been 
contrived to extract pure cobalt from this ore. The following 
is perhaps ofte of the easiest. • 

Reduce the ore to powder, and roast it in a moderate heat to how ob- 
get rid of a portion of the sulphur and arsenic which it con- 
tains. Tlien dissolve it in nitric* acid and evaporate the solu- 
tion to dryness, and diges^ the dry mass in water. A quantity 
of arseniate of iron remains undissolved. If the ore contains 
no iron it would be an improvement to add a little of it befofE^ 
dissolving the ore in nitric acid. Filter off the aqueous solu- 
tion, and pour into the liquid 5 quantity of binoxalate of pot- 
ash dissolved in water. In a few hours the whole cobalt pre- 
cipitates in the state of oxalate. Digest this oxalate in ammo- 
nia, which will dissolve it and set the solution aside in an open 
vessel till the excess of ammonia has had time to be dissipated. 

The oxalate of nickel, if any was present, will precipitate, and 
the oxalate of cobalt, in a statfe of purity* will remain in solu- 
tion. Evaporate to dryness^ and expose the oxalate of cobalt 
thus obtained to a red heat in a covered vessel. The cobalt is 
reduced to the uq^tallic state, and when exposed to a violent 
heat in a crucible covered with a Iktie borax, it may be fused 
into a mass of cobalt.^ 

I. Cobalf is of a g^ay colour with a shade of red, and by no Propertieg. 
means brilliant. Its texture varies according to the heat 
employed in fusing it. Sometimes it is composed of plates, 
sometimes of grains, and sometiipes of small fibres adhering to 
each other.§ It has scarcely any taste or "smell. 

It is rather soft. Its specific gravity, according to Tassaert, 
is 8*5384. II According to Lampadius it is 8*7.1f It is brittle. 


* Ann. de Chiin lx. 9.60. 

f See Richter, Gehlen’s'Jour. ii. 53; Bucholz, Ibid. iii. 201; Philips, 
Phil. Mag. xvi. 312. • 

i This process is nearly that of Quesneville, junr. See Ann. de China, 
et de Phys. xlii. 111. 

§ L’Ecole des Mines. || Ann. de Chinn. xxviiL 99. 

1 As quoted by Berzelius ; Larbok i Keniien, ii. 295. Bergnn^andthe 
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Chap. III. and easily reduced to powder ; but if we believe Leonhardi, it 
is somewhat malleable when red-hot. Its tenacity is unknown. 
When heated to the temperature of 130® Wedgewbod, it 
gaelts ;* but no heat which we can produce is sufficient to cause 
it to evaporate. When cooled slowly in a crucible, if the ves- 
sel be inclined the moment the surface of the metal congeals, 
ii; may be obtained crystallized in irregular prisms.f 

Like iron, it is attracted by the magnet ; and, from the expe- 
riments of Wenzel, it appears tliat it may be converted intc a 
magnet precisely similar in its properties to the common mag- 
netic needle. 

It dissolves very slowly in diluted sulphuric and muriatic 
acids with the evolution of hydrogen gas ; but nitric acid dis- 
solves it readily with the evolution of deutoxide of azote. 

Ox^det. II. When exposed to the air it undergoes no change, neither 

is it altered when kept under water. Its affinity for oxygen 
Sjs not sufficiently strong to occasion a decomposition of the 
water. When kept red hot in.^ an open vessel, it gradually 
imbibes oxygen, and is convet ted into a powder, at first blue, 
but which gradually becomes deeper and deeper, till at last it 
becomes black, or rather of so deep a blue that it appears to 
the eye black. If the heat be very violent, the cobalt takes 
fire and burns with a red flame. 

Two different oxides of cobalt have been examined and 
described by chemists, and from the late observations of M. L. 
Gmelin, there is reason to suspect that there exists a third 
oxide which possesses acid properties. 

1 . Frotoxide. 1. The protoxide of cobalt may be obtained by dissolving 
cobalt in nitric acid, and .precipitating the cobalt from the solu- 
tion by means of potdsh. The precipitate has a blue colour, 
but when dried in the open air it gradually becomes greenish. 
This powder is to be kept for half an hour in that degree of 
heat known to manufacturers of iron utensils by the name of 
cherry-red. This heat expels, the oxygen which it had absorbed 
in drying, and concerts it into a fine blue colour. This oxide 
dissolves in acids without effervescence. The solution of it in 
muriatic acid, if concentrated, is green ; but if diluted with 
water, it is red. Its solution in sulphuric and nitric acids is 

French chemists, anif Hatchett, state the specific gravity as 7'7 ; but their 
specimens were obviously impure. 

* 1 have some doubts about the accuracy of this statement. Cobalt does 
not melt in a temperature at which nickel may be fused into a button. 

•f Fourcroy, v. 137. 
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tilways of a red colour.* It gives a beautiful blue colour to v«n>Hyin. 
glass, and is used for painting blue or stone-ware. It is soluble 
in caustic and carbonated ammonia, and the solution has a red 
colour, and is not precipitated by caustic potash. It dissolve^ 
in caustic potash, and the solution hqs a blue colour. It is 
thrown down unaltered by dilution with water, and in ^e state 
of deutoxide when the solution is exposed to the air. 

I have shown, by an analysis of the neufral sulphate of cobalt, 
tHht the atomic weight of this oxide is 4*25, or precisely the 
same as that of protoxide of nickel.f As it is obviously a 
compound of * 

1 atom cobalt . • . 3*25 

1 atom oxygen . . 1 

4-25 

the atomic weight of cobalt must be 3-25, or the same with that 
of nickel. 

According to Rothoff, this, oxide is a compound of 
Cobalt . . * . . 100 

Oxygen . . . 27*097 

This would make the atom of cobalt 3*691. Berzelius has fixed 
it at 3*68991 ; but without assigning any reason for deviating 
from the estimate of Rothoif, which he professes ,to follow. 

2. When the protoxide of cobalt, newly precipitated from 
an acid, is dried by heating it*in the open air, it assumes a flea- 
brown colour, which gradually deepens till at last it become 
black. This is the peroxide of cobalt. It may be formed also 
by passing a current of chlorine gas through water, in which 
the protoxide is suspended, or by s^tating the protoxide in a 
saturated solution of chloride of lime. * It dissolves in none of 
the aeids e.xcept the muriatic, and during its solution in that 
acid much chlorine g^s is exhaled. Its specific gravity, as 
determined by Mr. Harepath, is 5*322. 

According to the experiments t»f Rothoff, it contains 1^ times 
as much oxygen as the protoxide. Hence it consists of 
1 atom cobalt . . 3*25 

atom oxygen . . 1*5 


4*75 

Its atomic weight is 4*75, and it resembles deutoxide of nickel 
in its constitution as it agrees with it in atomic weight. 

* Ann. de Chim. xlii. 213. 

't* Annals of Philosophy (2d series), i. 250. 
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Chap. 111 . 3. Leopold Gmelin is of opinion that the protoxide of cobalt 

a Peroxide, does not dissolve in ammonia, except when there is an acid 
present, with which it may form a double salt. When a neu- 
tral salt of cobalt is treated with an excess of ammonia, the 
greater part of the cobalt is precipitated in the state of blue 
flocks, which remain undissolved if the mixture is kept in a 
close vessel. But if oxygen be admitted it is rapidly absorbed, 
the blue flocks assume a green colour and gradually disappear, 
while the solution assumes a brown colour. When the salt 
employed in this experiment is nitrate of cobalt, if we commit 
the ammoniacal solution to a rapid spontaneous* evaporation, 
brown coloured prisms with square bases appear. These crys- 
tals Gmelin considers as a compound of nitrate of ammonia and 
cohaltate of ammonia. The protoxide of cobalt, according to 
him, absorbs a quantity of oxygen equal to what it'previously 
contained, and is thus converted into a new oxide possessed of 
“acid properties, and which therefore he calls cohaltic acid.* 
This acid is obviously a compound of 

1 atom cobalt . . 3*25 

2 atoms oxygen . . 2 

. 5-25 

I liave obi^erved part of these phenomena, but not the whole; 
which makes me hesitate about the existence of this new oxide. 
Farther researches afe obviously necessary. 

Chloride. III. Davy found that cobalt lyirnt when gently heated in 
chlorine gas ; but he di(f not examine the chloride formed. 
When muriate of cobalt is evaporated to dryness it leaves a 
light red mass, which whAi heated "in a retort allows chloride 
of cobalt to sublime under the form of a blue coloured volumi- 
nous snow. This chloride gradually absorbs moisture from the 
atmosphere, and is converted into a solution of muriate of 
cobalt.f ■ There can be no doubt from this that it is a com- 
pound of ^ « 

1 atom cobalt . . 3*25 

1 atom chlorine . . 4*5 

7*75 

It is the solution of this chloride that constitutes the cele- 
brated sympathetic ink of Hellot. Letters made by it have a 

* Annals of Philosophy (2d series), ix. 69 ; or Schwdgger’s Jahrbuch, 
vi. 235. 

t Proust. 
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red colour while moist; but when the paper is dried the cha-* rtanayiii. 
racters become him. ! L 

IV. * Neither the bromide nor iodide of cobalt has been 
hitherto examined. We are not acquainted with any com- 
pounds which it may be capable of forming with hy^ogen, 
azote, carbon, boron, or silicon. 

V. Phosphuret of cobalt may be formed by heating the metftl Phoftphuret* 

red-hot, and then gradually^ dropping in small bits of phospho- 
rus. It contains about phosphorus. It is white and 

brittle ; and when exposed to the air, soon loses its metallic 
lustre. Tha phosphorus is separated by heat, and the cobalt is 

at the same time oxidated. This phosphuret is much more 
fusible than pure cobalt.* 

VI. Sulphur readily unites to cobalt, and from the researches Suiphurets. 
which havg been made, it appears that they combine in fhree 
proportions, forming a sulpkuret^ sesquistdphuret, imdibisidphuret 

of cobalt. 

1. Sulphuret of cobalt may be formed by various processes, i. suiphuret. 
Berthier obtained it by exposing sulphate of cobalt in a char- 
coal crucible to a white heat. It is formed also when a neutral 
salt of cobalt is mixed with a hydrosulphuret. The sulphuret 
of cobalt in that case is thrown down in black flocks. Proust 
obtained it by heating to redness a mixture of oxide of cobalt 
and sulphur. This sulphuret has a yellowish white colour, 
with the metallic lustre, and possesses the property of being 
attracted by the meignet. It lias not been accurately analyzed. 

But there can be no doubt that it is ^ compound of 
1 atom cobalt . . 3*25 

1 atom sulphur . . 2 


5-25 

2. Sesqmsulphuret of cobalt wjis first formed by Arfvedson. 2- se»quUui- 
He passed a current of dry hydrogen gas over anhydrous sul- 
phate of cobalt heated to redness in a 'glass tube. Half the 
oxide was reduced to the metallic state, dnd half the sulphur 
expelled. The residual matter consisted of 
1 atom oxide of cobalt, 

1 atom sulphuret of cobalt, 

probably united together and constituting a dark gray cohering 
mass, which dissolved nearly in muriatic acid without the evo- 
lution of gas. When heated a little sulphuretted hydrogen gas 


* Pelletier ; Ann. de Chim. xiiL 134. 
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3. liisuiphu- 
ret. 


Arseniet, 


'was disengaged. The. undissolved portion when heated gave 
out sulphur, and oxide of cobalt remained. A current of dry- 
sulphuretted hydrogen gas being passed over this matter, ^leated 
|o redness in a glass tube, water -was given out, and a sulphu- 
ret formed composed of 

1 atom cobalt . . 3*25 

H atom sulphur . . 3 


6*25* 

Berzelius informs us that the same sesquisulphuret of cobalt 
is formed when the deutoxide 6f cobalt is gently heated in sul- 
phuretted hydrogen gas. •And from Hisinger’s analysis of cobalt 
pyrites from Riddarhyttan, it appears that it exists native.f It 
is a brittle substance of a difrk gray colour. 

3. When the sesquisulphuret of, cobalt is digested in muri- 
atic acid, one-fourth of the cobalt is dissolved and a bisulphuret 
T>/ cobalt remains. M. Setterberg succeeded also in forming 
the same bisulphuret, by mixing, together 1 part of carbonate 
of cobalt, and of sulphur, aifd heating the mixture in a small 
glass retort, taking care that the temperature was much below 
a red heat. Water, carbonic acid, and sulphurous acid were 
given out, and bisulphuret remained. This bisulphuret is a 
black powdej, destitute of lustre. It is not acted on by alkalies 
nor acids with the exception of nitric acid and aqua regia. At 
a red heat it gives out sulphur,'and is converted into sesqiiisul- 
phuret. It is evident from Setterberg’s analysis that it is a 
compound of 

1 atom cobalt . . 3*25 

2 atoms sul^nir . - . 4 


7*25t„ 

VII. Cobalt readily absorbs selenium when assisted by heat. 
When the compound is heated to redness, it melts, gives out 
its excess of selenium, and forms a gray coloured mass, having 
the metallic lustre, and a foliated fracture.§ 

VIII. When a mixture of 2 parts of cobalt in powder, and 
3 parts of arsenic in, powder are heated, they combine with the 
evolution of a red light into a blackish-gpray porous mass. || 

The affinity between cobalt and arsenic is strong. Almost 

♦ Arfvedson ; Annals of Philosophy (2d series), vii. 337. 

f Afhandlingar, iii. 316. J Kong. Vetens. Acad. Handl. 1825, p. 211. 

§ Ann. de Chim. lx. 272. || Oehlen; 
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atU the native cobalt ores contain arsenic. It is found native, * rv. 
combined with arsenic in three proportions forming a sesquar- ‘ 
seniet,*binarseniet, and terarseniet of cobalt. These ores have 
been described by mineralogists, though they do not seem t^ 
be aware of the nature of their respective compounds. 

IX. One part of cobalt powder and two parts of antimony 
unite when heated into an iron-gray substance, wliich exhibit 
the metallic lustre when butnished.* 

•X. Equal parts of cobalt and molybdenum melted into a 
button of a gray colour, brittle, and of difficult fusion. Two 
parts of cobhlt and four of mfblybdenum gave an alloy of a 
sparkling reddish-gray colour, hard, brittle, not attracted by the 
maghet, internally granular, and of a bluish-gray colour.f 
XI. The alloy of iron and cobSlt is very hard, and not easily 
broken. Cobalt generally contains some iron, from which it 
is with great difficulty separated. 

The remaining combinations of this metal with simple bodifSs 
are still unknown. 


FAMILY IV. EASILY FUSIBLE BASES. 

This family contains eight metals, which are all easily reduced 
to the metallic state. Indeed the greater number of them melt 
at a heat either below or very little above the commencement 
of ignition. They may all bft fused in a common fire except 
copper ; and even copper may be melted in a common fire 
when urged by bellows. They arfe precipitated from their 
solutions in acids in the metallic state in the order according to 
which they are placed in the followUig sections. Zinc precipi- 
tates all the others, but is nqt itself precipitated by any of them. 

Lead precipitates all except zinc and cadmium. Tin all except 
zinc and lead. Copper precipitates only bismuth, mercury, 
and silver ; and mercury precipitates only silver. Silver is 
precipitated by all the rest, but ^oes not itself precipitate any 
of the others. These eight metals will constitute the subject 
of the eight following sections. 

SECTION I. OF ZINC.' 

The ancients were acquainted with a mineral to which they Hutory. 
gave the name of Cadmia, from Cadmus, who first taught the 
Greeks to use it. They knew that when melted with copper 
it formed brass ; and that when burnt a white spongy kind of 
* Gehlen. f Crell’s Annals, p. 371. 
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oh^h iii. ‘ashes was volatilized^ which they used in medicine.* This 
mineral contained a good deal of zinc ; and yet there is no 
proof remaining that the ancient Greeks and Romani? were 
acquainted with this metal.t But there are stroi^ reasons 
^r believing that it was known at a very early period in 
China. The Chinese were acquainted with the method of ren- 
dfering it malleable, and they struck pieces of money of it. 
Kaswini, the Pliny of the Arabians, at least states these cir- 
cumstances as facts. The Arabians called it JEtouh-tutia, and 
the Persians Aiar-tom* {Chinese iron). According to Kaswini, 
mirrors were made of it which- were considered as useful in 
curing sore eyes.:]: Albertus Magnus describes the ore of zinc 
in his Mineralogy under the name of marchasite of gold, and it 
is evide'nt from his account of it that he was aware of its con- 
tainibg a volatile metal. Tlie word zinc {zinetum) .so far as I 
have observed, occurs first in Paracelsus, and he mentions it as 
ifdt had been a familiar word at the time when he wrote. J 

Zinc has never been found in, Europe in a state of purity, 
and it was long before a method was discovered of exlracting 
it from its ore.H Hpnkel pointed out one in 1721 ; Von Swab 
obtained it by distillation in 1742 ; and Margraff published a 
process in the Berlin Memoirs in 1746.f At present there are 
several works in this country in which zinc is extracted from 
its ore, cliiefiy in Birmingham and Bristol. There was a work 
some years ago near Alston Mboi*, but it has been stopped. 
Both calamine and blende are employed. The calamine is 
sometimes roasted, sometimes jiot ; it is reduced to fragments 
about the size of a pigeon’s egg, and introduced with its own 

•4 

* Pliny, lib. xxxiv. cap. Z and 10. 

f Grignon indeed says, that something like it was discovered in the ruins 
of an ancient Roman city^in Champagne : but the substance \/hich he took 
for it was not examined with any accuracy. It is impossible therefore to 
draw any inference whatever from his assertion. Bulletin de Fouilles d’une 
Ville Romaine, p. 11. 

:{: Schweigger’s Jahrbach, i. 357. 

§ Quando ergo hoc modo metallaiiunt et producuntur, dum scilicet verus 
irietallicus fluxus et ductiUtas aufertur, et in septem metalla distribuitur : 
residentia quaedam ares, instar foetum trium primorum. Ex hac 

nascitur zinetum^ quod metalluin est et non est. Sic et biserautum et 
huic similia alia portim fluida partim ductilia ' sunt. . . . Zinetum 

maxima ex parte spqria soboles est de cupro, et bisemutum de stanno. 
Philosophise, lib. iv. IVact. iii. cap. 9. 

II The re^ discoverer of this method appears to have been Dr. Isaac 
Lawson. See Pott, iii. diss. 7, and Watson’s Chemical Essays. 

f Bergman, ii. 309. 
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volume of small coal into clay pots or crucibles, V^icbare anranged' * nr. 

six in number round a circular furnace, vaulted above. There is 

a hole in the bottom of each pot which is partly closed with a 
piece of wood, and from which a tube of iron passes to a vessel 
of water, situated in an apartment below. The pots are left 
open for about two hours till the flame begins to assume a blue 
colour, indicating that the zinc is beginning to be reduced! 

They are then covered up on the top. The zinc is reduced, 
and gradually drops down through the iron tube issuing from 
the bottom of the pot, and falls into a vessel of watCT. It 
is afterwardss melted and cast* into ingots. A considerable 
quantity of zinc is yearly exported ^om Britain, chiefly to 
the north of Europe.* The process when blende (sulphuret 
of zinc) is used, is quite the same ; except that the bldhde is 
always roasted in the first place. 

I.' Zinc is of a brilliant white colour, with a shade of blue, rropertie*. 
and is composed of a number of thin plates adhering togetheM 
"When this metal is rubbed for some time between the fingers, 
they acquire a peculiar taste, and emit a very perceptible smell. 

It is rather soft ; when rubbed upon t^ fingers it tinges 
them of a black colour. The specific gravfty of melted zinc 
varies from 6*86 1 to 7*1 ;f the lightest being esteemed the 
purest. When hammered it becomes as high as 7*1908.^ I 
found the specific gravity of a specimen which 1 had purified, 
by distilling it over in a porcelain retort, fl’89655. 

This metal forme as it were the limit between the brittle and 
the malleable 'metals. Its malleability is- by no means to be. 
compared with that of copper, le^, or tin ; yet it is not brittle, 
like antimony or arsenic. 'VVhen stru^ with a hammer, it does 
not break, but yields, and becomes someVirhat flatter; and by a 
cautious and equal pressure, it may be reduced to pretty thin 
plates, which are supple and elastic, but calinot be folded with- 
out breaking. This property of zinc was first ascertained by 
Mr. Sage.§ When heated somewhat abdve 212°, it becomed 
very malleable. It may be beat at pleasure withput breaking, 
and hammered out into t£in plates. W^hen carefully annealed, 

* See an account of the manufacture of this na<|^^in Watson’s Chem. 

Essays, ir. 1. • . 

f Brisson and Dr. Lewis. A specimen of Ooslar zinc was found by Dr. 

Watson of the specific gravity 6‘953, Bristol zinc 7*02^. Chemical Essays, 
iv. 4>l. A specimen of zinc tried Jby Mr. Hatchett was 7*065. On de 
Alloys of Oold, p. 67. 

t Brisson. § Jour, de Min. Ah. v. 595. 
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ch«p. ni.y it Qiay be fmssed throagh rollers. It may be very readily turned 
oh the lathe. When heated to about 400®, it becomes so brittle 
that it may be reduced to powder in a mortar. 

^ It possesses a certain degree of ductility, and may with care 
be drawn out into wire.* Its tenacity, from the experiments 
of Muschenbroeck, is such, that a wire whose diameter is equal 
Co -fjyth of an inch is capable of supporting a weight of about 
26 lbs.f 

When heated to the temperature of about 680°,$ it meljs ; 
and if the heat be increased, it evaporates, and may be easily 
distilled over in close vessels. When allowed tQ, cool slowly, 
it crystallizes in small bundles of quadrangular prisms, disposed 
in all directions. If they are exposed to the air while hot, they 
assume a blue changeable colour.§ 

n. When exposed to the air, its* lustre is soop tarnished, 
but it scarcely undergoes any other change. When kept under 
• rt'ater, its surface soon becomes black, the water is slowly decom- 
posed, hydrogen gas is emitted, and the oxygen combines with 
the metal. If the heat be increased, the decomposition goes 
on more rapidly ; and if the steam of water is made to pass over 
zinc at a very high temperature, it is decomposed with great 
rapidity.il 

When zinc is kept melted in an open vessel, its surface is 
soon covered with a gray coloured pellicle, in consequence of 
its combination witl\ oxygen. ..W^hen ^is pellicle is removed, 
another soon succeeds it ; and in this manner may the whole 
.of the zinc be oxidized. ' W^hen' these pellicles are heated and 
agitated in an open vessel, they soon assume the form of a gray 
powder, often having q ^hade of yellow. This powder has 
been called the gray Kixide of zinc, but is probably only a mix- 
ture of white oxide and metallic zmc. When zinc is raised to 
a strong red heat in%n open vessel, it takes fire, arid bums with 
a brilliant white flame, and at the same time emits a vast quan- 
tity of very light white flakes. These are merely an oxide of 
zinc. This oxide was well known to the ancients. Dioscorides 
describes the' method of preparing it. The ancients called it 
pompholyx : the early chemists gfave it the name of nihil album, 

* Black’s Lectures, u, 583. 

f He found a rod of an inch diameter to support 8600 lbs. Now if the 
cohesion increase ak the square of the diameter, the strength of a wire of 
I" 10th inch will not differ much from that*assigned in the^text. 

t Black’s Lectures, ii. 583. § Mongez. 

J Lavoisio*, Mem. Par. 1781, p. 274. 
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hma phUosophicaf and flaioers of zinc, Dioscorides compares *F«in«y iv. 
it to wool.* ' ^ 

So felt as has been hitherto proved, this is the only oxide of zinc. 

It is not easy to procure it quite free from irdn, with which th^ 
zinc of commerce is always contaminated. The iron may be 
thrown down by leaving a plate of zinc in an aqueous i^lution 
of sulphate or muriate of zinc for a few weeks. Probably also we 
would obtain the oxide pure, if we dissolved It in caustic ammonia, 
and Sifter filtering the solution, we were to drive off the ammo- 
nia by heat, and collect the oxide which would precipitate. 

Oxide of einc when pure is snow-white. "When heated it 
assumes a yellow colour, but becomes again white when allowed 
to cool. It is tasteless ; but dissolves very readily in acids. It 
dissolves also in concentrated caitstic ammonia, but is'partly 
precipitated when the solution is diluted with water. Barytes 
or lime water also occasion a precipitate when poured into 
the same solution. The affinity between oxide of zinc anS 
alumina is considerable. W^en a solution of oxide of zinc in 
ammonia, and of alumina in cau^ic potash, are mixed together, 
the oxide of zinc and alumina are precipitated in combination ; 
the precipitate is again redissolved by an excess of either of the 
alkalies. This compound occurs in the mineral kingdom, and 
is distinguished by the names of automalite and Gahnite. It con- 
sists of 6 atoms of alumina united to 1 atom of oxide of zinc. 

I ascertained, by the analysis <5f sulphate of zin c, that the atomic a^ ic 
weight of oxide of zinc is 5-25, and that when 4*25 of metallic 
zinc are dissolved in sulphuric acid,* they are converted into- 
5 ’25 parts of oxide of zinc.-)- 

It has been inferred from an experiment of Tlienard, that 
when oxide of zinc in the gelatinous state is treated with deut- 
oxide of hydrogen, it combines with an additional dose of 
oxygen. The new oxide is described as wKite and tasteless. It 
cannot be dried nor dissolved in acids, without losing its excess 
of oxygen. I do not see any sufgcient proof that in this case 
there is any thing more than a mixture of oxide of zinc and 
deutoxide of hydrogen. 

The reduction of the oxides of zinc is j|a operation of diffi- 
culty, in consequence of the strong affinity which exists between 
zinc and oxygen, and the consequent tendency of the zinc after 
reduction to unite with oxygen. It must bennixed with char- 
coal, and exp>osed to strong heat in vessels which screen it from 
the contact of the external air. 

* taAvto* c(^6ftwfT»h 85, p. 352. t First Principles,!. 51. 
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Chap. IIL 


Chloride, 


Iodide. 


III. Zinc combines readily with chlorine and forms a cMo- 
ride of zinc. This metal takes fire in chlorine gas, and the 
chloride is formed. It may be obtained by dissolving' zinc in 
^nriatic acidj eva'porating the solution to dryness, and expos- 
ing it to a red heat in a glass tube with a narrow orifice. 
When, obtained by distilling a mixture of zinc filings and cor- 
rosive sublimate it was formerly distinguished by the name of 
hatter of zinc. Wh'en obtained in this way it sublimes readily 
on being heated, and crystallizes in needles. But Dr. Jehn 
Davy assures us that when the chloride is formed by heating 
the muriate in a glass tube iv does not sublime ^even at a red 
heat ; but remains in a state of fusion. When exposed to the 
air it very speedily deliquesces. 

Dr.* John Davy found it bomposed of equal weights of zinc 
and chlorine. It is obvious from this that it is a compound of 
1 atom zinc . . 4*25 

1 atom chlorine . . 4*5 


8*75 

and that its atomic weight is 8*75. 

IV. The bromide of zinc has not yet been examined. 

V. Zinc readily combines with iodine by heat. The iodide 
has a white, colour. It is easily volatilized and crystallizes in 
fine quadrangular prisms. It deliquesces in the air and is very 
soluble in water. Tlie solutioSi is colourless and does not crys- 
tallize. This solution contains a combination of hydriodic acid 

•and oxide of zinc. . Hence the iodide must decompose water. 
Gay-Lussac has shown that this iodide is a compound of 
1 atom zinc' . . . 4*25 

1 atom i'odine . .* 15*75 

20 

so that its atomic weight is 20. 

VI. Professor Kastner affirms, that when zinc is dissolved 
in moderately strong muriatic acid, the hydrogen gas gfiven off 
contains zinc in solution.* If this be so, certainly the quan- 
tity must be very small, for I have more than once burnt such 
hydrogen gas without perceiving any deposite of oxide of zinc. 
Vauquelin formed a gas by heating to redness 4 parts of roasted 
blende and 1 part of charcoal powder, which he considered as 
zincetted hydrogen gas. Jt was colourless, lighter than air, but 
heavier than hydrogen gas. It burnt with a bluish and yellowish 
* Annals of Philosophy f2d series}, iv. 157. 
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flame; giving out white vapours of oxide of zinc, and deposit-* iv. 

ing some metallic zinc. It burnt with chlorine gas, and was ^ 

converfed into muriatic acid and chloride of zinc. It was not 
decomposed by nitric acid, it was not absorbed by water, and 
did not combine with bases. , 

We do not know any combination which zinc is capable of 
making with azote. * 

VII. The zinc of commefce is never ffee from carbon ; but 
as* it contmns iron also, we have no evidence that the small 
quantity of carbon which it contains is not in combination with 
the iron. Bbrzelius considers (he black matter which remains, 
when prussiate of zinc is distilled, as»a carburet of zinc. But 
he has adduced no evidence in favour of this opinion. 

VIII. Nothing is known respecting the combinations which 
zinc may be capable of foqning with boron and silicon. 

IX. Zinc may be combined with phosphorus, by dropping FhQsphiu|t. 
small bits of phosphorus into it while in a state of fusion. Pdf- 
letier, to whom we are indebted for the experiment, added also 

a little resin, to prevent the oxi<feition of the zinc. Phosphuret 
of zinc is of a white colour, with a -metallic splendour, but 
resembles lead more than zinc. It is somewhat malleable. 

When hammered or filed, it emits the odour of phosphorus. 

When exposed to a strong heat, it burns like ziqc.* When 
12 parts of oxide of zinc, 12 parts of phosphoric glass, and 2 
parts of charcoal powder, are (fistilled in ati earthenware retort, 
and a strong heat applied, a^metallic substance sublimes of a 
silver-white colour, which when broken has a vitreous appear- 
ance. This, according to Pelletier, is phosphuretted oxide of 
zinc, but it is probably only a pliftiSphuret of zinc. When 
heated by the blow-pipe, 4he phosphorus burns, and leaves 
behind a glass, transparent while in fusion, but opaque after 
cooling.f It is obtained also when 2 parts of zinc and 1 part 
of phosphorus are distilled in an earthen retort. The products 
are, 1. Zinc ; 2. Oxide of zinc ; 3. A red sublimate, which is 
phosphuretted zinc ; 4. Needleform crystals, of a metallic bril- 
liancy and a bluish colour. These Pelletier considers as phos- 
phuretted oxide of zinc.f They are probably a phosphuret of 
zinc. 

X. Chemists were Icfng unable to combine zinc with sulphur; siUphuret. 
but several processes have been gradually ‘discovered. Mr. 

Edmond Davy found that when the vapour of sulphur was 


* Ann. de Chim. xiiL 129- f Pelleder, ibid. 128. | Itnd. 125 
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Chap. III. ' pj^Bsed over zinc' in fusion, a yellowish compound was obtained 
similar in appearance to blende. When the oxide of zinc is 
melted with sulphur a combination is formed, as was first dis- 
covered by Dehne in 1781.* The experiment was afterwards 
repeated by Morveau.^ When zinc and cinnabar are heated 
together, according to Berzelius, the mercury of the cinnabar 
is disengaged and sulphuret of zinc formed. When a current 
of sulphuretted hydrbgen is passed through a solution of zinc 
a white precipitate falls, which is a hydrosulphuret of ziflc. 
When this hydrosulphuret of zinc is carefully heated it is con- 
verted into sulphuret of zinc. * I dissolved 42*5 grains of zinc 
in sulphuric acid, passed a current of sulphuretted hydrogen 
gas through it,”and then heated the hydrosulphuret. The 
weighf of the sulphuret of zinc obtained was very nearly 62*5. 

One of the most common ores of zinc is a foliated mineral, 
usually of a brown colour, called blende; tasteless, insoluble in 
•rt^ater, and of a specific gravity about 4. Bergman showed that 
this ore consisted chiefly of zinc and sulphur. Chemists were 
disposed to consider it as a sul|)huretted oxide of zinc, in con- 
sequence chiefly of the experiments of Morveau, above refer- 
red to j but the analyses of Bergman u’^ere inconsistent with 
this notion. Proust gave it as his opinion, that blende is essen- 
tially a compound of zinc in the metallic state with sulphur.f 
This opinion is now universally admitted to be the true one. 
It is a compound of « *’ 

1 atom zinc ., . 4*25 

1 atom sulphur . . 2 


c . . 6*25 

But in general it contains a quantity of iron. The only pure 
specimens are the transparent and light brown ones. 

It has the lustre of the diamond, is translucent, of a rich 
yellow colour, and is crystallized in rhomboidal dodecahedrons. 
It is brittle, has a foliated texture and a specific gravity of 4*678. 
It dissolves with difficulty in muriatic acid, gfiving out sulphur- 
etted hydrogen gas. Aqua regia dissolves it easily. It melts 
when exposed to a high temperature. 

The experiments of Arfvedson on the change produced by 
passing a current of dry hydrogen gas 5ver ignited sulphate of 
zinc, were unsatisfactory.§ But it appears from the observations 

* Chem. Jour. p. 46, and Crell’s Annals, 1786, i. 7. 
f Mem. de I’Acad. de. Dijon, 1783. ^ Jour, de Phys. Ivi. 79. 

§ Annals of Philosophy (2d series}, vii. 335. 
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of Kersten, that several sulphurets, particularly those of iron ancit iv. 

zinc, are treated at Freyberg to extract the silver. During this ’ 
operation there is deposited a yellow matter having the diar 
mond lustre in six-sided prisms. This matter Kersten found 
composed of 

4 atoms sulphuret of zinc, 

1 atom oxide of zinc.* 

XI. It is equally difficult to combine <einc with selenium as sdeniet. 
Miith sulphur. But if red hot zinc be brought in contact with 

the vapours of selenium, an explosion takes place and a yellow 
powder is formed, which is »seleniet of zinc. This powder 
dissolves in nitric acid with the evoUition of nitrous gas. The 
zinc is oxidized and dissolved while the selenium separates in 
the state of a red powder.f • 

XII. When 100 parts of zinc and 100 parts of arsenJb are Ancait* 
heated, a very brittle metal is' obtained weighing 172 parts.^: ‘ 

If the loss in this experiment was all arsenic the alloy was wy 
nearly a compound of ^ 

1 atom arsenic, 

H atom zinc. 

According to Bergman when zinc and arsenious acid are dis- 
tilled, a process first practised by Malouin, an alloy is obtained 
composed of four parts of zinc and one of arsenic. 

XIII. Zinc may be readily combined with Antimony by 
fusion. The alloy is hard a«d brittle, and has the colour of 
steel. Its specific gravity is less than intermediate,§ 

XIV. Nothing is known respecting the alloys which zinc 

may be capable of forming with tellurium, chromium, tungsten, 
columbium, and titanium,, , , 

XV. The volatility of zinc render^ it difficult to alloy tliat 
metal with molybdenum.* Equal parts of the two metals, 
strongly heated in a covered crucible, left a black mass almost 
in a powdery state, jj 

XVI. Zinc may be alloyed with potassium by heat ; but the 
alloy is difficult to form on accouht of the vjolatility of the potas- 
sium. It has the colour of pounded zinc. It is gradually 
destroyed in the air, effervesces in water, and still more violently 
in acids.^ 

With sodium it is easily alloyed in a cherry-red heat. The 

* Ann- de Chitn. et de Phys- xli- 426. t Berzelius, ibid. x. 241. 

t Gehlen- § Gellert, p. 136. 

II Crell’s Annals, iii. p. 375- 

t Gay-Lussac and Thenard ; Recherches Physico-chimiques, i. 221. 
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Q>«p.HL <<»lonr of the alloy is bluish-gray. It is brittle, and of a foli- 
ated texture. It is destroyed in the air, and effervesces in 
water and in acids.* * 

XVII. We are not acquainted with the alloys which zinc 
lorms with the metals of the alkaline earths and earths proper. 

XVIII. It is difficult to combine zinc with iron, because the 
heat necessary to melt the latter metal dissipates the former. 
The alloy, according'to Lewis, when formed, is hard, somewhat 
malleable, and of a white colour approaching to that of silveii.f 
Malouin has shown that zinc may be used instead of tin to cover 
iron plates : a proof that there, is an affinity between the two 
metals.^ , 

XIX. Zinc does not appear capable of combining with nickel 
by fusicn.§ Neither does it combine with cobalt by fusion. 

We are not acquainted wi^ the alloys which zinc may be 
capable of forming with manganese, cerium, and uranium. 

SECTION II. OF CADMIUM. 

«> 

Hi*torjr. Profcssor Stromcyer of Gottingen, whose province it is to 

inspect the apothecaries’ shops in the kingdom of Hanover, 
while discharging the duties of his office in the principality of 
Hildesheim in the year 1817, found that the carbonate of zinc 
was substituted in that country for the oxide of zinc, the use 
of which had been ordered in the Pharmacopoeias. This car- 
bonate of zinc was manufactured at Salzgitter. Upon inquiry 
he learnt from Mr. Jost, who managed that manufactory, that 
they had been obliged to ‘substitute the carbonate for the oxide 
of zinc, because the oxide had a yellow colour, and was in con- 
sequence unsaleable. On examining this oxide, Stromeyer found 
that it owed its yellow' colour to thg presence of a small quan- 
tity of the oxide of a new metal, which he separated, reduced, 
and examined. To the metal thus obtained he gave the name 
of cadmium, because it occurs usually associated with zinc. 

During the apothecaries’ -^sitation, in the state. of Magde- 
burg some years ago, there was found in the possession of 
several apothecaries, a.preparation of zinc from Silesia, made in 
Hermann’s manufactory at Schtmebeck, which was confiscated 

* C^y-Lussac and Thenard ; Hecherches Physico-chimiques, i. 243. 

f Neuman’s Chem. p. 69. • | Mem. Par. 1742. 

§ The Chinese, hoiyever, seem to be in possession of some method of 
combining these metals ; for, according to Engestroem, the pak-fong or 
white copper, is composed of copper, nickel, and zinc. The zinc amounts 
to seven-sixteenths of the whole, and the proportions of the copper and 
nickel are to each other as five to thirteen. Mem. Stock. 1776. 
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on the suppositioti that it contained arsenic; because when dis^ 
solved in adds and mixed with sulphuretted hydrogen, it let 
fedl a*precipitate, which, from some experiments made on it, 
was considered as orpiment. This feet could not be indifferent 
to Mr. Hermann, as it affected the credit of his manufectory ; 
and the more especially as the medical councellor Roloff, who 
had assisted at the apothecaries’ visitation, had drawn up a state- 
ment of the whole and senf it to Hofelahd in Berlin, who pub- 
lilhed it in his Medical' Journal. Hermann in consequence 
subjected the suspected oxide of zinc to a careful examination ; 
but he could not succeed in detecting any arsenic in it. He 
then requested the mediciiial counCellor Roloff to repeat his 
experiments on the oxide once more. This he did very readily ; 
and he now perceived that the precipitate, which had be^ f^cen 
by him at*first for orpimept, w^-not so in reality, but owed its 
existence to the presence of another metal, having considerable 
resemblance to arsenic, but probably new. To obtain full cer- 
tainty on the subject, specimens of the oxide of zinc, and of the 
yellow precipitate, were sent to Stromeyer ; who immediately 
recogpiised in them the presence of cadmium, in a considerably 
greater, proportion (about 3 per cent.) than in the oxide which 
he had previously examined. This fortunately enabled him to 
procure a sufficient quantity of cadmium to examine its proper- 
ties in detail.* 

Professor Stromeyer separated the cadmium from the oxide of 
zinc with which it was mixpd in the following manner : The 
whole is dissolved in sulphuric acid, and an excess of that acid 
being added to the solution, a current of sulphuretted hydrogen 
gas is passed througli the ‘liquid tilt the whole of the cadmium 
is precipitated. It falls along with a portion of zinc and of cop- 
per, if any happen to be present. The precipitate is redissolved 
in concentrated muriatic acid, and the excess of acid driven off 
by evaporation. The liquid is now mixed with an excess of 
carbonate of ammonia. The whole of the zinc and the copper 
is redissolved, while the carbonate of cadmium is precipitated 
and remains in the state of a powder. By exposing this carbo- 
nate to a red heat, it is converted into pure oxide of cadmium. 
This oxide being mixed with lamp black and exposed te a 
moderate red heat in an earthen or glass retort, the cadmium is 
reduced to the metallic state. 

Mr. Harepath of Bristol ascertained that the yellowish brown 
sublimate which adheres to the roof of the apartment in which 

* Stromeyer, Annals of Philosophy, xiii. 108. 
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feinc is smelted at Bristol, contained a'g^eat deal of cadmium. 
He was kind enough to send me a qiiantity of this sublimate. 
I found that it contained about 10 per cent of cadmiuiri. Xo 
(^tain the cadmium I digested it in sulphuric acid, and put a 
plate of zinc into the solution. The cadmium was precipitated 
in the metallic state. Dr. Wollaston observed that when the 
sMution containing the cadmium is put into a platinum crucible, 
and the plate of zinc Suspended in it, the precipitated cadmium 
adheres so strongly to the crucible that it may be washed with 
water without any risk of loss. It may then be dissolved in 
an acid and its properties detbrmined. 1 find k to exist in 
minute quantity in metallic zinc. 

Properties. I. Cadmium thus obtained has a white colour, with a very slight 
shade oi' bluish-gray, and approaches nearest to tin in this 
respect. It has a good deal of brilliancy, and may.be made to 
assume a fine polish. Its fracture is hackly ; and it readily 
cfystallizes in regular octahedrons. 

It is a soft metal ; being easily acted on by the file, or cut 
with the knife. It is very malle&ble, and may be beat out under 
the hammer into very thin plates. It may be likewise drawn 
out into wire. Its specific gravity, after fusion, is 8*6040 ; but 
after hammering it becomes as high as 8*6944. According to 
Mr. Harepath it is 8*659.* It is very fusible ; melting before 
it becomes red-hot. ' It may be melted by touching it with an 
iron wire heafed to tedness by' means of a spirit lamp. It is 
alsor very volatile, being converted, into vapour at a temperature 
somewhat higher than the boiling point of mercury. This vapour 
has no peculiar smell. It collects in drops like mercury, and 
crystallizes as it cools. ^ “ 

Oxide. II. When exposed to the air this metal is as little altered 

as zinc; though in progress of time its surface becomes tar- 
nished. When heated in the open air it catches fire as easily 
as zinc, and is changed into a brownish-yellow coloured oxide, 
which usually flies off in the otate of a brownish-yellow smoke, 
and coats those substances that are held over the burning metal. 
Even when thus burnt it gives out no perceptible smell. 

The metal dissolves slowly in sulphuric, muriatic, and acetic 
acids, with the evolution of hydrogen gas. It dissolves readily 
in nitric acid, while nitrous gas is disengaged. In all cases it 
combines with the same proportion of oxygen, forming only 
one oxide, which has a yellow colour, is fixed in the fire, and 
infusible in a white heat. 

* Phil. Mag. Ixiv. 322. 
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From the analyses of carbonate, sulphate, and nitrate of 
cadmium, by Stromeyer, we obtain as a mean the atomic weight ^ 
of thil oxide 8*015. I have shown, by the analysis of sulphate 
of cadmium in two different states, that the true atomic weight 
is 8.* Now, as the metal forms only, one oxide, it is obvious 
that it must be a compound of 

1 atom cadmium . . 7 

1 atom oxyged . , 1 

8 

and that thS atomic weight of*cadmium is 7. 

This oxide is insoluble in the caustic fixed alkalies ; but dis- 
solves readily in ammonia. It is insoluble in carbonate of 
ammonia, which distinguishes if from oxide of zinCT' ""^y^hen 
sulphuretted hydrogen g^s is passed through its solution a fine 
yellow precipitate falls, which was at first taken for orpiment. 

The specific gravity of oxide of cadmium is, according to Mr. 
Harepath, 8*183.f It may be precipitated from its solutions 
in the state of a gelatinous hydrate. 

The colour of this oxide varies according to the degree of 
heat to which it has been exposed, being brownish-yellow, 
light-brown, dark-brown, or blackish. It is exceedingly easily 
reduced when heated in contact with charcoal. Jt is insoluble 
in water ; but it combines with that liquid and forms a white 
coloured hydrate, which speedily absoH^s carbonic acid when 
exposed to the air. , 

It saturates the different acids, and forms with them neu- 
tral salts. ■ • 

III. When oxide of cadmium is dissolved in muriatic acid, cworid* 
and the solution evaporated, small transparent rectangular crys- 
tals of mutiate of cadmium are obtained. W^hen these crystals 
are heated they lose their water of crystallization and are con- 
verted into a transparent foliated crystallized mass, having a 
pearly lustre inclining somewhat to the metallic. This matter 
may be considered as a chloride of cadmium. When exposed 
to the air it falls down in the state of a white powder. When 
strongly heated it sublimes in the state of micaceous plates, 
having the original transparency and lustre, and not altering 
when exposed to the air. From the analysis of Stromeyer,^ 
this chloride is obviously composed of • 

♦First Principles, i. 391. f.Phil.Mag. Ixiv. 322. 

t^Gilberfs Annalen, Ix. 204. 
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1 atom chlorine . . 4*5 

1 atom cadmium . . 7* 

» 

11-5 

Iodide. IV. Cadmium combines readily with iodine, either by heat- 

ing the ,two substances together, or by boiling them in water 
till a solution is obtained. By evaporating this solution we 
obtain crystals in find^ six-sided taibles, possessing nearly the 
properties of the iodide, formed by heating the two constituente 
directly together. These crystals have a white colour, are 
transparent, and not altered b;^ exposure to the Idr. Their 
lustre is metallic, with a tendency to the pearly. They melt 
very easily when heated, and assume on cooling their former 
cryst^lii?*:^ form. When they are strongly heated, the iodine 
is gradually driven off. They dissolve easily in watei and alco- 
hol, and may be again obtained in crystals by evaporating these 
lipids. From these solutions the cadmium may be precipi- 
tated in the state of a carbonate by the alkaline carbonates. It 
is thrown down likewise by sul|)huretted hydrogen gas. It is 
obvious that these crystals, when in solution, constitute a hydri- 
odate of cadmium ; but an iodide of cadmium when in the dry 
state. The iodide, from the experiments of Stromeyer,* is 
obviously coipposed of 

1 atom cadmium . . 7 

1 atom iodine ' . . 15*75 

22.75 

V. Cadmium does not seem capable of combining with azote 
or hydrogen. Nothing is known respecting any combination 
of this metal with carbon, boron, silicon, or selenium. But it 
unites readily with sulphur, and forms a sulphuret which has 
been particularly examined by Stromeyer. 

Sulphuret Sulphur and cadmiiun unite only in one proportion, and 
the sulphuret, when acted on by nitric acid, is converted into 
a neutral sulphate of cadmium. Hence it is obviously a com- 
pound of 1 atom cadmium + 1 atom of sulphur, or of 
Cadmium . . 7 

Sulphur . 2 

This sulphuret has a yellow colour,' inclining to orange. 
When reduced t<J powder ^t has a very fine orange-yellow 
colour. When heated to redness, it becomes first brown and 


* Gilbert’s Annalen, lx. '207. 
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then carmine red ; but on cooling it resumes its original colouf. 

It bears a very strong heat without undergoing any change. 

But in an intense white heat it melts and crystallizes in trans- 


parent micaceous plates of a fine yellow colour. It dissolves 
readily in concentrated muriatic acid, while sulphuretted hydro- 
gen gas is disengaged, and no sulphur whatever is deposited. 

But diluted muriatic acid hardly acts upon it even when assisted 
by heat. 

• Sulphur and cadmium cannot be easily united by exposing 
them to heat mixed together. We succeed better when we 
heat a mixture of oxide of cadmium and sulphur. But the 
easier method of forming the sulplpiret is to precipitate a salt 
of cadmium by means of sulphuretted hydrogen gas. This 
sulphuret constitutes an excellent paint.* ' 

VI. Phosphuret of cadmium is gray and has a weak metallic Phoqtaret. 
lustre ; it is very brittle and melts with great facility. On 
burning coals it burns brilliantly with a strong smell of phos- 
phorus, and is converted into phosphate of cadmium. 

None of the combinations of cadmium and metals have 


been hitherto examined, excepting the alloys which it forms 
with copper, mercury, and platinum. These will be described 
in a subsequent part of this volume. 

Cadmium is precipitated in the metallic state by a plate of 
zinc. But it has the property of precipitating lead, and all 
the other metals belonging to the family imder which I have 
placed it. 


SECTION III. OF LEAD. 

Lead appears to have, been vei;y,early known. It is men- Hittory. 
tinned several times by Moses. Tht ancients seem to have 
considered it as nearly related to tin. 

Lead is one of the most abundant of metals, and exists in 
the earth in a g^eat variety of states ; no fewer than 27 differ- 
ent species of lead ores having been described by mineralo- 
gists. But by far the most abundant of these ores, indeed the 
only important one, as far as metallurgy is concerned, is sul- 
phuret of lead, or galena, a lead coloured mineral, having the- 
metallic lustre, a foliated texture, crystallized in cubes or octa- 
hedrons, and having* a specific gravity of 7*568. In Great 
Britain, by fisir the most abund^t lead mines occur in the 
mountain limestone, or rather l^estone that alternates widi 


* Stromeyer, Gilbert’s Annalen, lx. 205. 
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• Chap. III. coal-beds. They occur also in the transition formations, 
while at Strontian and in Cornwall they occur in primary 
. rocks. ' ' 

Extraction. The galena is first roasted in a large reverberatory furnace. 

A white smoke rises, which is condensed in a long horizontal 
chimney. I was surprised, on examining this matter, to find 
tlfdt it consisted chiefly of sulphate of lead. By continuing the 
roasting the whole gak^na might be converted into sulphate of 
lead. But the process is never carried nearly so far. The 
roasted galena is now heated on a hearth with coal and a small 
quantity of limestone, which is. added every now and then. 
The lead is reduced and collected in vessels, from which it is 
cast into large ingots called pigs. Sometimes the process is 
conduviAid- in reverberatory farnaces, and sometimes in blast 
furnaces. The slag formed is run into water, which causes it 
to fall into powder, and this powder is again smelted to extract 
a Icttle more lead. 

The lead thus obtained is never free from silver. When 
the quantity of that metal is swSficient to pay the expense the 
silver is extracted, and this process is called refining the lead. 
Bone ashes, mixed with about y\rth of their weight of pearl 
ashes, are made into a thick mortar with water, and beat into 
a kind of oval iron ring, so as to form a large flat surface, 
scooped out a little on the upper side. This is called a cupel. 
The lead to be refineyl is put upon this cupel, in a reverbera- 
tory furnace, and exposed to the blast of a bellows placed con- 
veniently for the purpose.' The lead speedily melts, becomes 
red hot, and is oxidized, and the oxide, as it forms, is blown 
off the cupel by the blast,, or sinks into it. The silver remains 
unaltered. When tlie^ lead left on^the cupel becomes rich in 
silver it is taken off, and hew lead put in its place. The pro- 
cess goes on till a sufficient number of masses of lead rich 
in silver are collected. These are put upon the cupel together, 
and the process of cupellation continued till the lead is all oxi- 
dized, and the silver remains pure. 

The litharge thus formed is partly sold to the glass-makers, 
apothecaries, and other artists, who use it in their processes, 
and partly reduced again to the state of lead, by simply heating 
it on a hearth along with coal. Such is a very short and imper- 
fect sketch of the mode of smelting lead employed in the North 
of Cngland, Cumberland, Durham, and Yorkshire, where by 
far the greatest quantity of lead is smelted. The annual pro- 
duce of lead in Great Britmn amoimts to about 82,000 tons. 
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But the price has.of lafe years fallen so low that it does littl^ 
more than pay the expense of the processes. The consequence 
must he that all but the most productive mines will be relin- 
quished. This would be attended with great hardship to the 
miners, many thousands of whom are at present supported liy 
working the lead mines in different parts of Great Britain. 

I. Lead is of a bluish white colour; and when newly meltt^d 
is very bright, but it soon> becomes tamished by exposure to 
the air. It has scarcely any taste, but emits on friction a pecu- 
liar smell. It stains paper or the fingers of a bluish colour. 
When takeii internally it acts»as a poison. 

It is one of the softest of the mel;als, its specific gravity is 
11* * * § 3523.* Mr. Harepath states it at 11'352,-j- and Mr. Crich- 
ton of Glasgow found the specific gravity of a very piiti%*9peci- 
meu 11*357. Its specific gravity is not increased by hammer- 
ing; so far from it, tha? Muschenbroeck found lead when 
drawn out into a wire, or long hammered, actually diminished 
in its specific gravity. A ^specimen at first of the specific 
gravity 11*479, being drawn out into a fine wire, was of the 
specific . gravity 11*317; and on being hammered, it became 
11*2187; yet its tenacity was nearly tripled. J Guyton Mor- 
veau on repeating this experiment found the result as stated. 
But he found likewise that he could increase the specific gra- 
vity of lead, by hammering it, confined in a mould so that it 
had not liberty to expand. 

It is very malleable, and may be reduced to thin plates by 
tbe hammer ; it may be also drawn but into wire, but its duc- 
tility is not great. Its tenacity is such, that a lead wire y\y 
inch diameter is capable of supporting only 18*4 pounds with- 
out breaking. This agrees nearly with Mr. Rennie’s trials, 
who found a wire of lead y inch diameter, capable of just sup- 
porting 114 lbs. Hence a wire y\jth inch in diameter, would 
just support 18*7 lbs.J 

From the experiments of Crichton of Glasgow we learn that 
lead melts when heated to the temperature 612®. |1 When a 
very strong heat is applied the metal boils and evaporates. If 

* Brisson. Fahrenheit found it 11*3500, Phil. Trane. 1724. vol. xxxiii. 

p. 1 14. I found a specimcp of milled lead 1 1*407 at the temperature of 64". 

t Phil. Mag. Ixiv. 322. | Wasserbetg, i. 441. 

§ Phil. Trans. 1818, p. 126. • * 

II Phil. Mag. xvi. 49. Gay-Lussac states the melting point of lead to be 
613^*. Ann. de Chim. et de Phys. ix. 308. Mr. Crichton, jun., found the 
melting point of lead to be 606®* 
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Oxides. 


Protoxide. 


jit be cooled slowly, it crystallizes. The Abb6 Mongez obtained 
it in quadrangular pyramids, lying on one of their sides. Each 
pyramid was composed, as it were, of three layers. »Pajot 
obtained it in the form of a polyhedron with 32 sides, formed 
by the concourse of six quadrangular pyramids.* 

II. When exposed to the air it soon loses its lustre, and 
acquires first a dirty gray cotour, and at last its sinrface becomes 
almost white. This ^ owing to its gradual combination with 
oxygen, and conversion into an oxide. But this conversion's 
exceedingly slow; the external crust of oxide, which forms 
first, preserving the rest of the cnetal for a long time from the 
action of the air. . 

Water has no direct action upon lead ; but it facilitates the 
actioix^-the external air : for, when lead is exposed to the air, 
and kept constantly wet, it is oxidated much more rg,pidly than 
it otherwise would be. Hence the* reason of the white crust 
which appears upon the sides of leaden vessels containing 
water, just at the place where the upper^jj^urface of the water 
usually terminates. 

Lead unites with oxygen in three portions, and forms the 
protoxide of lead, which is yeUmo; the peroxide^ which is hrown; 
and the red oocide, which is intermediate between the yellow 
and the brown. 

1. The protoxide or yellow oxide of lead, which has been 
longest known, and most carefully examined, may be obtained 
by dissolving lead in a sufficient quantity of nitric acid, so as 
tp form a colourless solution, and 'then supersaturating it with 
carbonate of potash. A white powder falls, which, when dried 
jmd heated nearly to red/i^ss, assuxpes a yellow colour. It is 
pure yellow oxide of lead. This oxide is tasteless, insoluble in 
water, but soluble in potash and in acids. Its specific gravity, 
as determined by Royet and Dumas, is S'OlO.f ‘Mr. Hare- 
path states it as high as 9*277. Houton Labillardiere found 
that when it was dissolved in caus^c soda, and left for some 
time in an open vessel, it gradually crystallized in regular 
dodecahedrons, which were not altered by exposure to a red 
heat, and therefore contained neither water nor carbonic acid.J 

It readily melts when heated, and forms a yellow, semi- 
transparent, brittle, hard glass. In violent heats a portion of 
•• 

* Jour, de Phys. xxxviii. 53. 

f Annals of Philosophy (2d series), iii. 392. 

^ Ann. de Chim. et de Phys* vii. 216* 
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Eltharge; 


it is dissipated. When kept heated in the open air, its surfacd 
becomes brick red. 

Litharge, when formed from pure lead, consists entirely of 
protoxide, without any foreign substance whatever.* It is m 
beautiful red or yellow scales or flakes. IVhen yellow oxide 
is prepared on a large *scale by manufacturers, it is called wio-j- 
sicot. It dissolves readily in nitric acid and acetic acid. It 
may be dissolved in boiling* hot muriati</ acid; but not in sul- 
phuric nor phosphoric. It combines with oils,* and forms plas- 
ters. It dissolves easily in the caustic fixed alkalies, but not 
in ammonia? Its solution in acetic acid is rendered muddy by 
carbonic acid. The solution of thiS oxide in acids is sweet 
tasted. Such solutions produce poisonous effects whe n tak en 
internally. • 

By the Analysis of nitrate and sulphate of lead I have shown 
that the atomic weight of protoxide of lead is 14.f By d^- 
solving a given weight of lead in nitric acid, evaporating the 
solution to dryness, and weighing the salt, it is easy to show 
that this oxide is a compound of 

1 atom lead ... 13 

1 atom oxygen . . 1 


FamUy IV. 
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14- 

consequently the atomic weight of lead is 13. 

Wlien lead is kept melted in an operf vessel, its surface is 
soon covered with a gray coloured pejlicle. When- this pelli- 
cle is removed, another succeeds it; and by continuing the’ 
heat the whole of the lead may soon be converted into this 
substance. If these pelliclbs be healecl ^nd agitated for a short 
time in an open vessel, tliey assume the form of a greenish 
yellow powder. Mr. Proust has shown that this powder is a 
mixture of yellow oxide and a portion of lead in the metallic 
state. It owes its green colour to the blue and yellow powders 
which are mixed in it. If we continue -to expose this powder 
to heat for some time longer in an open vessel, it absorbs more 
oxygen, assumes a yellow colour, and is then known in com- 


* I stated in the former editions of this work that litharge contained car- 
bonic acid. I found a specimen, from an apothecary in Edinburgh, to con- 
tain carbonic acid. But I have since examined about “^0 specimens which 
I selected myself from the difierent smelting houses in the north of Eng- 
land, and found them all destitute of this acid. There cannot be a doubt 
therefore that litharge is pure protoxide of lead. 

+ First Principles, i. 395. 

1. 2 o 



562 


SIMPLE ALKALIPIABLE BASES. 


chi^ in, jjaerce by tJie n&me of massicet. The reason of this change is 
obvious : the metallic portion of the powder gradually absorbs 
oxygen, and the whole of course is'converted into yellow oxide. 
•c2. If massicot, ground to a fine powder, be put into a furnace, 
and constantly stirred ^hile the flame of the burning coals 
plays against its surface, it is, in about 4B hours, converted into 
a beautiful red powder, known by the name of minium or red 
l6ad.* This powder,’ which is likewise used as a paint, and for 
Bed oxide, various Other purposes, is the 'red oxide of lead. 

Red lead is a tasteless powder, of an intense red colour, 
often inclining to orange, and very heavy ; its spet}ific gravity, 
according to Harepath, being 9*096. It loses no sensible 
we^gjj^ in a heat of 400® ; but when heated to redness, it gives 
out oxygen gas, and gradually runs into a dark brown glass of 
considerable hardness. By this treatment it loses fi*om four to 
seven parts in the hundred of its weight, and a part of the lead 
is'reduced to the metallic state. Red lead does not appear to 
Qombine with acids. Many acids indeed act upon it, but they 
reduce it in the first place to the state of yellow oxide. 

If we pour distilled vinegar on red lead, and digest it for 
some time, a portion of protoxide is dissolved, and the red lead 
loses its scarlet colour and assumes a dark brownish red tinge. 
We see from this that red lead is a mixture or compound of 
protoxide and deutoxide of lead. I believe the proportions vary. 
But, in one experiment, with a very fine specimen, the red 
lead, after this treatment, was found to have lost nearly half 
its weight. The dark brown matter that remains is deutoxide 
of lead. I have shownf by an experiment which I consider as 
cmndusive, that deutoxide of lead thus purified is a compound of 
1 atom lead . . 13 

1^ atom oxygen . . 1*5 

14’5 

Its atomib weight is therefore 14*5. So far as is known at 
present this oixide does not possess the property of uniting 
either with acids or bases. When heated to redness it gives out 
oxygen, and is reduced to protoxide. When digested in sul- 
phurous acid sulphutf of lead is formed. Nitric acid converts 
it into protoxide and peroxide. 

* See an account of the method of manuiacturiog red lead in Watson’s 
Chemical Essays, iii. 338. 

f First Principles, i. 398. 
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3. If nitric acid^ of the specific gravity 1*260, be poured 
upon red lead, 185 parts of the ioxide are dissolved; but 16 
parts retnain in the state of a black or rather deep brown pow- 
der.* This is 'the peroxide or brown ooeide lead, first disco^. 
vered by Scheele. It may be prepared in the following man- 
ner, which was pointed out by Proust, and afterwar4s still 
farther improved by "Vj^uquelin : Put a quantity of red oxide* 
of lead into a vessel partly filled with watei*, and make chlorine 
gas* pass into it. The oxide becomes deeper and deeper col- 
oured, and is at last dissolved. Pour potash into tiie solution, 
and the brown oxide of lead precipitates. By this process 68 
parts of brown oxide may be obtained for every 100 of red 
oxide employed.f 

This oxide is a tasteless powder'of a flea-brown cokruf, i^d 
having a specific gravity, according to Harepath, of 8*902. It 
is not acted on by sulphuric or nitric acids. From muriatic 
acid it absorbs hydrogen, and converts it into chlorine. Whelf 
heated it g^ves out tlie half of ^ts oxygen and is converted into 
yellow oxide.:]: Hence it is obvious that the peroxide of lead 
is a compound of 

1 atom lead ... 13 

2 atoms oxygen ... 2 


15 

4. All the oxides of lead are v8ry easily converted into glass : cupeiution. 
and in that state they oxidize and combine with almost all 
the other metals except gold, platinum, silver, and the metals 
recently discovered in crude platina. This property renders 
lead exceedingly useful in separating* gold and silver from the 
baser metals with which tl^y happen to be contaminated. 

The gold or silver to be purified is melted along with lead, and 
kept for some time in that state in a flat cup, called a cupd, 
made of burnt bones, and the ashes of wood. The lead is 
gradually vitrified, and sinks into, the cupel, carrying along 
with it all the metals which were mixed with the silver and 
gold, and leaving these metals in the cupel in a state of purity. 

This process is called cupellaiion. 

III. When lead is introduced into chlq^e gas it does not cMoride. 
burn ; but it absorbs ;the*gas, and is converted into cldoride qf 
lead. This substance is easily obtained by mixing a solution 


* Scbeele, i. 1 13, and Proust, Ann. de Chim. xxiii. 98. 
t Fouroroy, iv. 91. t Berzelius; Ann* de Chim. Ixxviii. 16. 
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ciup. 111 .^ q£ nitrate of lead with a solution of comipoii salt. A preci- 
pitate falls, consisting of small, white, silky crystals. When 
these crystals are heated they melt, but do not lose any* weight, 
^howing that they were in the state of chloride. This com- 
pound was formerly distinguished by the name of plumbum cor- 
neumi,ox horn lead. ' It is a semi-transparent grayish-white 
'mass, having some resemblance to hori\in appearance. When 
heated in the open 'air it partly evaporates in a white smoke ; 
but when the access of air is excluded, it remains fixed at a 
red heat. Dr. John Davy first showed that this chloride is a 
compound of ' « 

1 atom lead' . . 13 

1 atom chlorine . . 4*5 

Bichloride, f There is another chloride of lead which may be obtained by 
digesting the common chloride in a solution of potash. It is a 
white powder, which was first pointed out by Vauquelin.f It 
has not been analyzed, but is probably a dichloride, or a com- 
pound of 

2 atoms lead . . 26 

1 atom chlorine . . 4*5 

30*5 

- What is called Turner’s, or patent yellow, is probably a 
mixture of this dichloride and oxide of lead. It is prepared by 
mixing one part of moistened common salt with about seven 
parts of litharge. Th? .common ..salt is decomposed, and soda 
set free. The residual matter, after washing out the soda, 
being fused, becomes yellow, and constitutes the pigment in 
question. 

IV. When some drops of a hydrobromate, dissolved in water, 
are let fall into a solution of lead, a white precipitate falls, 
having the crystalline appearance of chloride of lead. When 
strongly heated this matter fuses into a red liquor, which gives 
out white fumes, and which, on cooling, concretes into a beau- 
tiful yellow substance. — This bromide, when in a state of dis- 
ii^egration, is decomposed by nitric -and sulphuric acids, bro- 
mine being disengaged.. But after fusion it is not attacked by 
nitric acid ; though it may be still decomposed by boiling sul- 

• Phil. Trans. 1812, p. 185. t Ann. de Chipi. xxxi. 3. 


Turner’s 

yellow. 


Bromide. 
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phuiic acid. This ^bromide has not been subjected to analysis, 
but there can be little doubt that it is a compoimd of 
1 atom bromine . . 10 

1 atom lead ... 13 

23* 

V. Lead combines f'eadily with iodine when the two sub-**®^**®- 
stances are heated together? The iodide of lead has a fine 
yellow colour. It is precipitated whenever a hydriodate is 
dropped into a solution containing lead. It is insoluble in 
water. It dTssolves in potash ley, and in distilled vinegar, at 
a boiling temperature, and precipitates when the solution cools 
in yellow plates. Though this iodide has not been analyzed, 
there can be no doubt, from analogy, that it consists Di " 

*1 atom lead .... 13 

1 atom iodine . . 15*75 


28*75 

VI. Nothing is known respe"cting any combinations which 
lead may be capable of forming with hydrogen, azote, carbon, 
or boron. 

VII. Berzelius found that lead and silicon, when fused Phonphuret 
together before the blow-pipe, formed an alloy which, when 
dissolved in nitric acid, left a small quantity of silica behind it.f 

VIII. Phosphuret of lead may be formed by mixing together 
equal parts of filings of lead and phosphoric glass,- and then 
fusing them in a crucible. It may be cut with a knife, but* 
separates into plates when hammered. It is of a silver-white 
colour with a shade of blue,* but it sobrf tarnishes when exposed 
to the air. This phosphurert may also be formed by dropping 
phosphorus into melted lead. It is composed of about 12 parts 
of phosphorus and 88 of lead.J This approaches 1 atom of 
lead and 1 atom of phosphorus. 

IX. There seem to be three combinations of sulphur and Suiphurets. 
lead. 

1. Sulphuret of lead may be formed, either by stratifying 
its two component parts and melting them in a crucible, or by 
dropping sulphur at intervals on melted lead. The sulphuret 
of lead is brittle, brilliant, of a deep blue-gray colour, and 
much less fusible than lead. These'two subStances are often 

* Balard ; Ann. de Chim. et de Phys. xxxii. 359. 

-J- Annals of Philosophy (2d series), x. 120. 

t Pelletier, Ann. de Chim- xiii* 1 14. 
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Chapu III. ^ 


Disulphur et. 


Bisulphuret 


found naturally combined ; tbe compOund is then called galma, 
and hi usually crystallized in cubes. The specific gpravity 
varies somewhat, but is not much below 7*6. 

^ It has been established by the most unexceptionable experi- 
ments that it is a compound of 

1 atom lead . ' . 13 

1 atom sulphur . j-. 2 


15 

When exposed to a red heat it partly sublimes in the state 
of sulphate of lead. If it be Vnixed with iron arid heated, the 
sulphur unites to the iron and sets the lead at liberty. This 
method of reducing lead from galena is practised in some parts 
ofTBe^ontinent. When treated with nitric acid, it may be 
converted into sulphate of lead... Digestion in 'concentrated 
muriatic acid converts it into chloride of lead, while sulphur- 
etted hydrogen gas is evolved. 

2. Arfvedson found that when a current of dry hydrogen 
gas is passed over sulphate of lead heated to redness, as long 
as decomposition goes on, the lead is reduced to the metallic 
state, while all the oxygen and half the sulphur of the acid is 
abstracted.* It is obvious that by this process a disulphuret 
of lead or a compound of 

2 atoms lead . . 26 

1 atom sulphur' . . 2 


28 


was formed. 

3. Besides this comihrin sulphuret of lead there occurs ano- 
ther occasionally, ligltiter in coloeir, and less brilliant, which 
bums in the flame of a candle, or when put upon burning coals, 
emitting a blue flame. This variety of galena is not uncom- 
mon in the north of England. I ’had an opportunity of anal- 
yzing a specimen of the kind of lead ore from Ireland, and 
foimd it a compound of 

12 atoms lead, 

13 atoms sulphur. 

The only simple view that can be taken of such a compound, 
is to consider it as a mixture of combinations of 
n atoms sulphuret of lead, 

1 atom bisulphuret of lehd. 


* Ann. de Chim. et de Pbys. xxvii. 184. 
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And if this view |)e admitted, it is plain that a bisulphiu*et of 
lead must exist, though it has not yet been formed artifi ciall y^. 

X.* Lead and selenium readily unite, and heat is evolved 
during the combination. The lead swells, and forms a porous • 
mass of a gray colour, which does not melt at a red heat; Uut 
is soft, easily polished, and then hasi* the whiteness of silver. 

When heated, it givj^s out a little selenium, and then'sublimes 
in part in the form of a white smoke.# • 

• XI. Lead and arsenic may be combined by fusion. The Ancniet. 
alloy is brittle, dark-coloured, and composed of plates. Lead 
tdces up |th of its weight of arsenic, t This corresponds very 
nearly with , 

2 atoms lead . . 26 ' 

1 atom arsenic . . 4*75 . 


30-75 

XII. When equal parts of lead and antimony are fusedj»the Antinftniet. 
alloy is porous and brittle ^ 3 parts of lead and 1 of antimony 

form a compact alloy, malleable, and much harder than lead ; 

12 parts of lead and 1 of antimony form an alloy very malleable, 
and a good deal harder than lead: 16 parts of lead and 1 of 
antimony constitute an alloy of very nearly 10 atoms lead and 
1 antimony; 12 lead and 1 antimony is very nearly 7-5 atoms 
lead and 1 atom antimony ; while 3 i^lead and 1 antimony ap- 
proach 2 atoms of lead and 1. of antimgny. 

XIII. Ten parts of lead ^nd oneof molybdenum, when melted 
together, form an alloy which is sonSewhat malleable, and whiter 
than pure lead. When kept heated, the lead partly eliquates. 

When the proportion of molybdenum is increased, the alloy 
becomes brittle, dark-co]pured, and iftorc difficult of fusion.:}: 

XIV. .With 100 lead and 100 tungsten, a button was obtain- 

ed of a dull dark brown, with very little lustre, spongy, very 
ductile, and splitting into leaves when hammered ; it weighed 
127 grains. , 

XV. Lead may be easily alloyed with potassium. The two 
metals unite when the heat is raised sufficiently high to fuse the 
lead. The alloy is very fusible and brittle. Its texture is fine 
granular. When exposed to . the air it is speedily destroyed. 

It effervesces in walfer. The potassium is converted into potash, 
and the lead remains unaltered.§ Serulla& formed this alloy by 

* Berzelius, Ann. de China, et de Riys. x. 245. Bergnaan. 

j: Crell’s Annals, iii. 388> 

§ Gay-Lussac and Thenard ; Recherches Physico-chinaiques, i. 218. 
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Cbapk nil 


Alloy with 
iron. 


Cobalt. 


exposing to a strong heat for 2 hours in a qpvered crucible, a 
Inixture of 100 parts litharge and 60 calcined cream of tartar. 
The alloy is silver white and. breaks very easily.* 

The alloy of lead and sodium may be formed in the same man- 
nSr. This alloy has some ductility. It is fine granular, and has 
a bluish-gray colour, ancl is nearly as fusible as lead. Whe'h 
exposed*to the air, or placed under water, ^he sodium is speedily 
converted into soda, and the lead separates unaltered.f 

XVI. We do not know the alloys which lead forms with the 
metallic bases of the alkaline earths and earths proper. 

XVII. The older chemists affirm, that iron is taken up 
by melted lead at any temperature whatever, but that it con- 
stantly swiifls upon the surface. Muschenbroeck, however, suc- 
ceedw^^ik-cniting by fusion 400 parts of iron with 134 parts of 
lead, and formed a hard alloy, whose tenacity was not ^ of that 
of pure iron. The specific gravity ol' an alloy of 10 iron and 
1 l^nd, according to him, is 4"250.:j: The experiments of Guy- 
ton Morveau have proved, that when the two metals are melted 
together, two distinct alloys are formed. At the bottom is found 
a button of lead containing a little iron; above is the iron com- 
bined with a small portion of lead.§ 

XVIII. Lead cannot readily be combined with nickel by 
fusion. 

XIX. It was supposed formerly that cobalt does not combine 
with lead by fusion ; fijr upon mditing equal parts of lead and 
cobalt together, both metals are found separate, the lead at the 
bojttom and the cobalt above! Indeed, when this cobalt is melted 
with iron, it appears that it had combined with a little lead; 
for the iron combines with th&cobalt, and the lead is separated. || 
But Gmelin has shown' that the all^/y may be formed. He 
put cobalt in powder within plates of lead, and covered them 
with charcoal to exclude the air. He then applied heat to the 
crucibles containing the mixtures. Equal parts of lead and 
cobalt produced an alloy, in wljich the metals appeared pretty 
uniformly distributed, though in some cases the lead predomi- 
nated. It was brittle, received a better polish than lead, which 
metal it resembled rather than cobalt; its specific gravity was 
8*12. Two parts of lead and one of cobalt produced an uniform 
mixture, more like cobalt than lead, very Sittle malleable, and 

* Ann. de Mines, viii.* 151. 

■}- Oay-Lussac and Tfaenard; Recherches Pbysico-chimiques, i. 241. 

t Wasserberg, i. 212. § Ann. de Chim. Irii. 47. 

H Gellert, p. 137. 
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softer than the las^ Its specific gravity was 8*28. Four parti| 
of lead and one of cobalt formed an alloy still brittle, and hav- 
ing thfi fracture of cobalt, but the polish of lead. It was harder 
than lead. Six parts of lead and one of cobalt formed an alloy 
more malleable, and harder than lead. Its specific gravity was 
Fight parts of letid and one of cot>alt was still harder than 
lead, and it received ^ better polish. It was as malleable ds 
lead. Its specific gravity Was 9*78.* 

•XX. We do not know the alloys whieh lead forms with 
manganese, cerium, and uranium. 

XXI. TSIie alloy of lead aftd zinc has been examined by 
Wallerius, Gellert, Muschenbroeckj and Gmelin. This last 
chemist succeeded in forming the alloy by fusion. He put some 
suet into tlie mixture, and coveted the crucible, iife oru^ to 
prevent the evaporation of the zinc. When the zinc exceeded 
the lead very much, the alloy was malleable, and much harder 
than lead. A mixture of two parts of zinc and one of Ifead 
formed an alloy more ductile, and harder tlian the last. A mix- 
ture of equal parts of zinc and lead formed an alloy differing 
little in ductility and colour from lead ; but it was harder, and 
more susceptible of polish, and much more sonorous. When 
the mixture contained a smaller quantity of zinc, it still ap- 
proached nearer the ductility and colour of lead, but it con- 
tinued harder, more sonorous, and susceptible of polish, tiU 
the proportions approached to* 1 of zinc^nd 16 of lead, when 
the alloy differed from the Ij^st metal only in being somewhat 
harder.f 

XXII. The alloy of bismuth and lead is brittle ; its colour 
is nearly that of bismuth ;«its texturd lamellar; and its specific 
gravity greater than the n\^an. According to Muschenbroeck, 
tlie specific gravity of an alloy of equal parts bismuth and silver 
is 10-7097.t 


FamUy IV. 
Sect IV. 


Zinc. 


SECTION IV.— OF TIN. 

Tin was known to the ancients in the most remote ages. Th'o Hutory. 
Phoenicians procured it from Spain § and from Britain, with 
which nations they carried on a very lucrative commerce. At 
how early a period they imported this metal we may ea.sily con- 
ceive, if we recollect ^at it was in common use in the time of 
Moses. [I 

* Ann. de China, xix. 357. -j' Ibid. ix. 95. :}; Wasserberg, i. 160. 

§ Pliny, lib. iv. cap. 34, and lib. xxxiv. cap. 47. || Numbers xxxi. 22. 
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Chap. IIL 


Ores. 


Method of 
smelting. 


^ Tin is rather a scarce metal, and it occurs in the eardi in 
only two forms ; namely that of peroxide^ usually contmninated 
with a certain portion of oxides of iron and manganese;’ and of 
suiphuret of tin and copper, which however is a very 
rare mineral. There are but few spots on the surface of the 
earth where the ores o/ tin occur in any considerable quantity. 
Cornwall has been celebrated for its tin m^iies from the remotest 
ages, and it still is the most productive country in Europe. The 
mountains which separate Galicia from Portugal, were also very 
productive of tin in ancient times, and still continue un exhaust- 
ed. The mountains between Sflxony and Bohemil^ have been 
wrought as tin mines for ‘several centuries, and still continue 
productive. These are the only localities of tin ores in Europe. 
Mi3es75f*ii occur in the peninisula of Malacca in India, in Chili, 
and in Mexico ; but we are still destitute of a good geological 
account of the districts where they occur. 

*The only ore of tin from which the metal is extracted is tin- 
stone^ or tlie peroxide of tin and iron. It occurs in Cornwall 
in two states. 1. In veins, wlfere it is intimately mixed with 
a considerable number of other minerals, from which it is diffi- 
cult to free it. 2. In loose grains or sand in alluvial soil. In 
this state it goes by the name of stream-tin, and it is free from 
every impurity except nodules of hematite. Hence it is from 
stream-tin that the purest metal, known by the name of grain- 
tin, is extracted. The block-tin, which is less pure, is obtained 
from the ore dug out of veins. 

■ The first process to which the ore is subjected is grinding. 
The ground ore is then washed, which removes a great deal of 
impurity. For the specific* gravity of tin ore is so high, that it 
is easy to wash away the earthy matter, and even some of the 
foreign metallic ores with which it is naturally mixed. But 
there are other bodies so nearly of the same specific gravity of 
the tin ore, that they cannot be washed away. The next pro- 
cess is roasting the ore in a reverberatory furnace ; this expels 
the sulphur and arseni<f*with which the foreign matters were 
combined, and thus diminishes their specific gravity so much 
that they can now be washed away. 

The tin ore thus freed as much as possible from foreign 
matter, is mixed with Welch culm mid'limestone, and heated 
strongly in a reveVberatory furnace so as to bring the whole into 
the state of fusion, which is kept up for about 8 hours. The 
lime unites with the earthy matters still mixed with the ore, and 
flows with them into a liquid glass, while the coal reduces the 
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oxide of tin to tlie metallic state. It tumbles by its weight ^to 
the bottom, and is at the end Of about 8 hours let out by tap- 
ping a hole in the furnace which had been filled with clay. 

The tin thus obtained is still very impure. It is pat ^^ack 
into the furnace, and exposed to a hejit just sufficient to melt it. 
The pure tin flows out into a kettle, while a quantity of in^u- 
rity remains behintj not melted. The tin in the kettle is kept 
in fusion and agitated, by which a quantity of impurity accu- 
mulates on the surface. It is skimmed off, and the tin now refined 
is cast into blocks, weighing each about 3 cwt. The sla*eam-tin 
is smelted by means of charcoal, and the fire is urged by bellows. 
Hence the place where the process is conducted is called a 
bhowing-Jumse. The mass of grain-tin is heated till it become 
brittle, it is then let fall from a height. By this It splii^ntoa 
great number of irregular prisms somewhat like basalt pillars. 
This splitting is a mark of the purity of the tin, for it does not 
happen when the tin is impure.* 

Tin when pure has a fine white colour like silver ; and when 
fresh, its brilliancy is very great. It has a slightly disagreeable 
taste, and emits a peculiar smell when rubbed. Its hardness is 
between that of gold and lead. Its specific gravity, according 
to Harepath, is 7*285.f Brisson states it at 7*291, and informs 
us that by hammering it may be made as high as 7*299.$ 

It is very malleable : tin Jeaf, or tinfoil as it is called, is about 
TirVtr P**'*'^ thick, and it might be beat out into leaves 

as thin again if such were wanted for the purposes of art. Its 
ductility and tenacity are much inferior to that of most ofrtihe 
metals known to the ancients. A bar of tin, | inch in diameter, 
is broken by a weight Amounting to 296 lbs.§ Hence a tin 
wire -i^jjth of an inch iif diameter would be just broken by a 
weight atnounting to 47*36 lbs. avoirdupois. According to the 
experiments of Guyton de Morveau, a tin wire 0*078 inch in 
diameter is capable of supporting a weight of 34*7 pounds only 
without breaking. 1| Tin is very flexible, and produces a remark- 
able crackling noise when bended.^ 

* For a more minute detail of the processes followed in Ck>mwa]l for 
smelting tin, the reader is referred to a paper by Mr. John Taylor, Annals of 
Philosophy (2d series), iii. 449 ; aiid to another paper on the subject by M. 
Bonnard, Jour, des Mittes, xiv. 443. 

f Phil. Mag. Ixiv. 322. ^ ' 

I Four specimens of Malacca tin gave the foUowing specific gitmties 
7*26; 7*29; 7*27; 7*26. 

.§ Rennie, Phil. Trans. 1818, p. 126. 
li Morveau, Ann. de Chim. IxxL 223. 
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ch* * * § p. iiL , When heated to the temperature of 442°^ it melts; but a 
very violent heat is necessary to cause it to evaporate. When 
' cooled slowly, it may be obtained crystallized in the form of a 
rhojpboidal prism.f 

Oxides. II. When exposed to, the air it very soon loses its lustre, 

and assunjes a grayish-black colour, but undergoes no farther 
ch^ge ; neither is it sensibly altered by b^ing kept under cold 
water ; but when the steam of water is made to pass over red- 
hot tin, it is decomposed, the tin is oxidated, and hydrogen gas 
is evolved.^ 

When tin is melted in an open vessel, its surface becomes 
very soon covered with a gr&y powder, which is an oxide of the 
meta l. If the heat be continued, the colour of the powder gpra- 
dually^ chan^fes, and at last it becomes yellow. When tin is 
heated very violently in an open vessel it takes fire, and is con- 
verted into a white oxide, which may be obtained in crystals. 

Tile first correct experiments on the oxides of tin were made 
by Proust.§ The subject was afterwards investigated by Dr. John 
Davy, 11 Berzelius,^ and Gay-Lussac.** It forms two oxides. 
The protoxide has a hlack colour; but when combined with 
water is white. The peroxide is yellow^ and in certain circum- 
stances transparent, and nearly white. 

1 . Protoxide. 1 . The hkick oxide or protoxide may be obtained by the fol- 
lowing process : Dissolve tin in muriatic acid till a saturated 
solution is obtained, ftecipitate the liquid by means of car- 
bonate of soda. Collect the precipitate on a filter and wash it 
well, then press it between folds of filtering paper, and dry it in 
a temperature not exceeding 1 80°. By tliis process a white pow- 
der is obtained, which is a hydrated prdtoxide, and contains no 
carbonic acid. Put it into a small retort, which must be filled 
with hydrogen or carbonic acid gas, and the receiver had better 
be filled with the same gas. Then raise the retort gradually to an 
incipient red heat, the water will be driven off, and the protox- 
ide of tin remains behind in a state of purity. It is a black 
powder, without much lustre, tasteless, and insoluble in water. 
It may be kept in a dry place without undergoing alteration ; 

• Crichton, Phil. Mag. xv. 147. This experiment was repeated by Mr. 
Crichton, jun. with the same result, 

f Pajot, jour, de Phys.,;cxxviii. 52. 

■ f Bouillon La Orange, Ann. de Chim. xxxv. 208. Oay-Lussac, Ibid. 
Ixxx. 170. 

§ Ann. de Chim. xxviii. 213. || Phil. Trans. 1812, p. 194. 

f ^Nicholson’s Journal, xxxv. 122. . ** Ann. de Chim. Ixxx. 170. 
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but in a moist a^nosphere it gradually absorbs oxygen, and is iv. 
converted into peroxide. ^iVhen heated in the open air it takes 
fire, burns brilliantly, and is converted into peroxide. Even • 
the hydrated protoxide gives some symptoms of burning when 
thus treated, though the combustion is far inferior to that of 
the anhydrous protoxide. It dissolves in acids without efferves- 
cence, and the hydiate is more easily soluble than the anhy- 
drous oxide. It dissolves also in the fixed alkaline leys. It is 
distinguished from the peroxide of tin, not only by its colour, 
but by being insoluble in caustic ammonia and in carbonate of 
potash, insboth of which the^eroxide dissolves. 

According to Berzelius’s experiments, this oxide is a com- 
pound of 

Tin 100 or 7-35 
• Oy^en 13*6 or 1 

I have shewn by an experiment which I consider as decisive, 
that it is a copipound of 

1 atom tin ^ . . 7*25 

1 atom oxygen* . . 1 


8-25* 

Hence the atomic weight of tin must be 7*25. 

2. The peroxide of tin exists abundantly native, though most 2 . peroxide, 
commonly not free from admixture of iron. When pure its 
colour is yellow ; it is translucent or almost transparent ; it is 
crystallized in octahedron^, having a square base, or in modifi- 
cations from that form. Its specific gravity is about 6*6, and it 
is fully as hard as felspar. It is quite insoluble in all acids, till 
it has been fused with an alkali, dtfmay be obtained artificially 
by raising tin to a white^heat in the bpen air, it takes fire and 
is converged into peroxide. When the oxide was formed in 
this way, it used formerly to be called flowers of tin. 

It may be obtained also by treating tin with moderately con- 
centrated nitric acid. A violejit efferyescence ensues, and the 
whole of the tin is converted into a white powder, which is de- 
posited at tlie bottom of the vesseL When heated so as to 
drive off all the acid and water, it assumes a yellow colour. 

When tin filings and red oxide of mercury are heated together, 
the peroxide of tin jfis obtained of a white colour ; but in every 
other respect it possesses the properties of«common peroxide of 
tin.f This oxide does not dissolve in muriatic acid, but it forms 

* Annals of Philosophy (8d series), ii. 123. 
t Berzelius, Nicholson’s Journal, xxxv. 130. 
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Chap. HI. a combination with it which is soluble in watpr. In the same 
way when digested with potash it combines with that alkali, 
' and the compound dissolves in water. AVhen this solution is 
evaporated it leaves a yellow jelly, again soluble in water. It 
appears also to combine with sulphuric acid though the com- 
pound does not dissolve in water, because, that liquid unites in 
preference with the acid. When this oxid^ is exposed to a red 
heat it is no longer dissolved by acids or water. The same pro- 
perty is observable in most metallic oxides. Thus the peroxide 
of tin is capable both of acting the part of an acid and of a sali- 
fiable base. But the union which it forms both with acids and 
bases is very weak, since heat alone is sufficient to separate it 
ag^n. 

Wacn tMs acid is formed by digesting tin in nitric acid, if 
the white produce be digested in water till all traces «f nitric 
acid be removed, and tlien dried by a heat of about 132®, it 
constitutes a white matter, which is a hydrate composed of 
1 atom peroxide . ,, . 9*25 

1 atom water . . 1*125 


10*375 

according to the experiments of Berzelius. In this state it 
reddens vegetable blues. But after the water has been driven 
off it does not possess that property. • I find that if it be dried 
in a temperature not higher than 65° or 60° it has a silky lustre, 
and contains twice as much water. ^For it is in that case a com- 
pound of 

1 atom peroxide . . 9*25 

2 atoms water . ■ . 2*25 

11-5 

This peroxide is soluble in the caustic alkalies, and also in 
the alkaline carbonates ; which enables us easily to separate it 
from the protoxide. „ 

When the peroxide of tin is obtained by adding an alkali to 
the aqueous solution of bichloride of tin, it possesses several 
properties which distinguish it from (he peroxide prepared by 
means of nitric acid. It is soluble in dilute nitric acid, sul- 
phuric acid, and muriatic acid, whereas the oxide by nitric acid 
is not soluble in any of these acids. Doubtless these differ- 
ences depend upon the state of aggr^;atioa of the oxide. 

I have shown by an experupent which appears to me decisive 
peroxide of tin is a compound of 
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1 atom tin . . 7*25 Family iv. 

w Suet. IV 

2 atoms oxygen . . 2 


9-25* 

Berzelius makes the atomic weight of tin 7*35. The expe- 
riments of Dr. John Davy give 7‘28^ for the atomic weight, 
and with these the analysis of Klaproth corresponds. 

III. Dr. John Da^y ha^ shown that tin combines with two Chlorides, 
proportions of chlorine, and forms two chlorideSy which he has 
examined and analyzed. 

1. Protoohloride of tin ma^ be formed by heating together i. Protochio. 
an amalgam of tin and calomel, or by evaporating to dryness 
the protomuriate of tin and fusing the residue in a close vessel. 

It has a gray colour, a resinous lustre and fracture^and {^lEbs 
fire when heated in chlorine gas, and is converted into perchlo- 
ride of tin. In close vessels it may be fused at a heat rather 
below redness , without decomposition ; but when stroil|gly 
heated it seems to be partially decomposed. Water dissolves it. 

From Dr. John Davy’s ansdysis, who found it a compound 
of 100 tin and 60*71 chlorine, it is obvious that it consists of 
1 atom tin . , 7*25 

1 atom chlorine . . 4*5 


11*75 

It appears from the experiments of Proust, confirmed by those 
of Dr. Davy, that when a little alkali is mixed with a solution 
of chloride of tin a white powder falfs, which is a dichloride or 
compound of 

2 atoms tin • .* . 14*5 

1 atom chlorii]|P . . 4*5 


19 

When heated to redness chloride of tin sublimes, and a quantity 
of protoxide of tin remains. . 

2. The perchloride of tin has been long known under the Perchioride; 
name of fveming liquor of Libavim, because it was discovered 
by Libavius, a chemist of the 16th century.- It is usually pre- 
pared by mixing together an amalgam of tin and corrosive 
sublimate, and distilliti^ with a very 'moderate heat. The pro- 
portions that answer best, according to Sulze,*aTe 6 parts of tin, 

1 part, of mercury, and 33 parts of corrosive sublimate.f ’ The 

* Annals of Philosophy (2d series), ii. 123. 

't' Gehlen’s Joumtd, iv. 438. 
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_ distillation is to be conducted with a very n^iodeiate heat. At 
nrst a colourless liquid passes into the receiver, consisting 
chiefly of water : then the fuming liquor rushes all at once into 
the receiver in the state of a white vapour. John Davy found 
that the perchloride of tin'may be prepared, likewise, by mix- 
ing a concentrated permuriate of tin with sulphuric acid, and 
distilling with a gentle heat. It is forn^Bd, likewise, when tin 
is introduced into chlorine gas. 'The ihietal catches fire and 
perchloride sublimes. 

Fuming liquor of Libavius is a colourless liquid like water 
and very fluid. When exposed* to the air it smokee with great 
violence, owing, as Adetofirst showed, to its avidity for mois- 
ture. When 1 part of water and ^ parts of fuming muriate 
at®" jttixed- together, the mixture condenses into a solid mass. 
Hence the -reason that crystals appear on the surfece of this 
liquor, when kept in a phial, with a common cork stopper. It 
gradually imbibes moisture from the air and crystallizes in con- 
sequence. These crystals fall to ,the bottom of the liquor and 
remain unaltered. Dr. Davy found that this liquor acts with 
great violence jon oil of turpentine. In one case, indeed, it set 
the oil on fire. According to his experiments, perchloride of 
tin is composed of 

Tin . . 100 

Chlorine . . 140*44* 

I made two analyses <of it, which did not exactly correspond ; 
but the mean did not differ much^from the result obtained by 
Dr. Davy. It is obvious from this that fuming liquor of Liba- 
vius generally contains an excess of chlorine. It ought to be 
a compound of ' * 

1 atom tin' . , . 7*25 

2 atoms chlorine . . 9 , 


16*25 

Now this is equivalent to ^ 

Tin .... 100 

Chlorine . . . 124 

It appears flom this that the excess of chlorine in this chloride 
amounts to about ^th of an atom. 

IV. Balard has shown that tin and brdmine unite in two pro- 
portions. ‘ 

1. Frotobromide is obtained by dissolving tin in hydrobro- 

• PhU. Trans. 1812 , p. 177 , 
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mic acid, and evap^irating the solution to dryness. It is com-^ 

posed of — 

1 atom bromine . . 10 

1 atom tin . . 7*25 

17-25 

2. The bibromide df tin may be formed by bringing tin in Bibtomidft 
contact with bromine.^ It catches fire artd is converted into a 
white solid body of a crystalline texture, easily fusible and vola- 
tile. It gives out only traces of vapours, dissolves in water 
without the*evolution of heatf and forms a bibromate of tin. 

Put into hot sulphuric acid it liquefies and remains at the bot- 
tom like oil. Nitric acid disengages bromine from it instantlj^. 

It is composed of * 

•2 atoms bromine . . 20 

1 atom tin ... 7-25 

, 27-25* 

V. Iodine combines readily v^th tin when the melted metal iodide, 
is brought in contact with the vapour of this supporter. The 
iodide has a dirty orange colour, and is very fusible. Water 
decomposes it completely, converting it into hydriodic acid and 
oxide of tin. When tin and iodine are heated together under 
water, they act upon each other, and are converted respectively 
into hydriodic acid and oxide of tin.f I’liis iodide has not been 
analyzed, but from the change which it undergoes when put 
into water, there can be no doubt that it is a compound^of 

1 atom tin . . . 7-25 

1 atom iodine • . ' 15-75 

23 

VI. Professor Kastner affirms that when tin is dissolved in 
moderately strong muriatic acid, the hydrogen gas extricated 
contains tin in combination, and ^at it constitutes stannetted 
hydrogen. It has a peculiar and penetrating odour, and when 
compressed into water is dissolved in considerable quantity. 

It burns with a blue light, and gives off white fumes of oxide 
of tin. When passed into a dilute solution of gold, powder of 
Cassius is immediately Iformed. On this account he recom- 
mends it as a test of the presence of minute portions of gold.f 

* Balard, Ann. de Chiin. et de Ph^rs. xxxii. 359. 
f Oay>Lu8sac, Ann. de Chim. xci. 26. 

^ Annals of Philosophy (2d series), iv. 156. 

2 V 
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Chap-IIL 


Fhoqphuret. 


Sulphurct, 


only one of tihese phenomena that I h^ye observed is the 
peculiar smell of the hydrogen gas evolved. It is strong and 
very unpleasant^ and has been hitherto ascribed to arsenic. 

. , VII. No combination of tin with azote, carbon, or boron, is 
at present known. 

• VII!^. When fused with silicon a combination takes place, 
According to Berzelius, who, however, ^as not given any de- 
scription of the compound. "Whew dissolved in acids it leaves 
behind it a considerable portion of silica.* 

IX. Phosphuret of tin may be formed by melting, in a cru- 
cible, equal parts of filings of ‘i^in and phosphorioi^lass. Tin 
has a greater affinity for oxygen than phosphorus has. Fart 
of the metal,, therefore, combines with ^e oxygen of the glass 
d&pg thft; fusion, and flies dff in the state of an oxide, and the 
rest of the tin combines with the phosphorus. Thecphosphuret 
of tin may be cut with a knife; it extends under the hammer, 
blit separates in laminae. When newly cut, it has the colour 
of silver; its filingfs resemble t|iose of lead. When these 
filings are thrown on burning V'oals, tlie phosphorus takes fire. 
This phosphuret may likewise be formed by dropping phos- 
phorus gradually into melted tin. According to Pelletier, to 
whose experiments we are indebted for the knowledge of all 
the phosphurets, it is composed of about 85 parts of tin and 
16 of phosphorus.f This corresponds very nearly to 

atom* tin . . 11*25 

1 atom phosphorus* . 2 


13*25 

X. Tin combines,' in tliree proportions, with sulphur, and 
forms three different sulphurets. 

1. The sulphuret of tin may be formed by tusing tin and 
sulphur together, reducing the compound formed to powder, 
mixing it with sulphur, fusing it a second time, and keeping 
the temperature sufficiently high to volatilize the superfluous 
sulphur. It has the colour of lead, the metallic lustre, and is 
capable of crystallizing. When dissolved in concentrated 
muriatic acid it is totally converted into protoxide of tin and 
sulphuretted hydrogen gas. Hence tit is obviously a com- 
pound of 


* Annals of Philosophy (2d series), x. 120. 
‘t* Ann. de Chim. xiii. 116. 
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1 at^ tin . . . 7*25 Famnr iv. 

1 atom sulphur . . 2 ^ct.fv. 


9*25 

L. Gmelin says that its specific gravity is greater than that 
of tin. It is much more difficult of fusion than tin. . 

2. When sulphurdifc of tin, reduced to powder, is mixed with 
the third part of its 'H^'eighf of sulphur, Smd exposed in a retort 
tePa dull red heat, it combines with an additional dose of sul- 
phur, and a compound is formed, consisting^, according to Ber- 
zelius, of • 

1 atom tin . . . 7.25 

atom sulphur . . 3 


10*25 

This sesquisulphuret has a dark yellowish gray colour, the 
metallic lustre, and when rubbed, acquires considerable BHl- 
liancy. When digested in jnuriatic acid, sulphuretted hydro- 
gen gas is given out, and a yellow matter is left behind. By 
this process one half of the tin is dissolved, and the other half 
converted into persulphuret of tin.* 

3. Persulphuret of tin has been long known in chemistry Penuiphuret. 
under the name of aurum mosaicum or musivum, mosaic gold. 

I do not know when it was discovered, but Kunkel gives a 
formula for preparing it. In the year 1^71 Mr. Woulfe rec- 
tified the old process, and proposed the following method of 
making this substance, which is much cheaper than the old one. 

Mix together 12 parts tin, 7 parts sulphur, 3 parts mercury, 
and 3 parts sal ammoniaca Expol&e* the mixture to a strong 
heat for eight hours in a blgck lead crucible, to the top of which 
an aludel is Juted. The mosaic gold sublimes.f In the year 
1792 Pelletier published a set of experiments on this com- 
pound, and showed that it might be prepared by heating 
together, in a retort, a mixture*of equal parts of sulphur and 
oxide of tin. Sulphurous acid and sulphur are disengaged, and 
mosaic gold remains. J Before the appearance of this disserta- 
tion it had been the general opinion of chemists that mosaic 
gold is a compound of tin and sulphur. But Pelletier endea- 
voured to show that thd tin was in the state of an oxide. Proust 


* I entertain some doubts respecting the existence of this sesquisul- 
phuret. 

t Phil. Trans. 1771, p. 114. 


^ Ann. de Chim. xiii. 280- 
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qiap, m. ■ published a valuable set of. experiments on in 1805 in his 
paper on tin.* According, to him it is a combination of sulphur 
and an oxide of tin, containing less oxygen than the protoxide 
abc^i^e described. This opinion was rectified in 1812 by Dr. 
John Davy, who demonstrated tliat this substance is a compound 
of tin and sulphur,f and thus restored the old chemical theory. 
Berzelius has also examined this compound, and has come to a 
similar conclusion.^ Hence there "can b'e no doubt that it is 
really a sulphuret of tin. *• 

Mosaic gold when pure is in the form of light scales which 
readily adhere to other bodies, ^nd which have the colour of 
gold. When heated it gives out a portion of sulphur, and is 
converted into common sulphuret of tin. It is insoluble in 
watev and hlcohol, and is not hcted upon either by muriatic or 
nitric acids. But when nitromuriatic acid is boiled on it we 
gradually decompose and dissolve it. Potash ley dissolves it 
wh^n assisted by heat. The solution has a green colour. 
When an acid is poured into the solution a yellow powder is pre- 
cipitated, which, according to PAiust, is a hydrosulphuret of tin. 

There can be no doubt, from the analysis of Dr. Davy, that 
this sulphuret is a compound of 

1 atom tin ... 7*25 

2 atoms sulphur . . 4 

11-25 

For this is equivalent tg . 

‘ Tin . . 100 

Sulphur . . 55-03 

Now Dr. Davy obtained', by analysis. 

Tin " . r 100 

Sulphur . . 56-25 . 

XI. Selenium and tin unite with the disengagement of 
heat. The tin swells, but does not become liquid. The mass 
is gray, and has a very strovg metallic lustre when polished, 
when heated it lets go the selenium much more easily than 
any other seleniet. The compound does not melt; but the 
tin remains in the state of an oxide.§ 

XII. Tin and arsenic may be alloyed by fusion. The alloy 
is white, harder, and more sonorous than tin, and brittle, unless 
the proportion of “arsenic be very small. An alloy, composed 

. • ^Nicholson’s Journal, xiv. 42. f Phil. Trans. 1812, p. J99. 

I Nicholson’s Journal, xxxv. 16S. 

$ Berseliiis, Ann- de Chira. et de Phya- x. 244. 


Seleniet. 


Arseniet. 
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of 1 6 parts of tiiuand one of arsenic, crystallizes in large plates ’ v- 
like bismuth; it is more brittle than zinc, and more infusible 
than tin. The arsenic may be separated by long exposure of 
the alloy to heat in the open air.* 

XIII. Tin and antimony may be ipiited together in various Antimoniet. 
proportions. An aljfcy of 1 atom tin and 1 atom antimony ^is 

very brittle and easil^ pulverized. Its specific gravity is 6*803.t 

I part of antimony witlT of tin (nearly 1 atom antimony 
affd 1^ atom tin) is brittle and less foliated in its texture than 
antimony.^ 1 part antimony and 3 parts tin form an alloy less 
ductile thdh tin, and having a specific gravity of 7'0.59.§ One 
part of antimony and ten parts of tJ!i form a very ductile alloy. 

The addition of a little lead renders tliese ductile alloys briy^jle. 

Boiling muriatic acid dissolves out all the tin, even from the 
alloy containing nine-tenfhs of that metal, and the antimony is 
left behind as a black powder. 

XIV. Equal parts of tin and molybdenum melted into a Aiio^with 
blackish-gray, granular, brittle, soft mass. When 2 parts of 

tin and 1 of molybdenum were melted together, the alloy was 
harder than the preceding, but in other respects agreed with 
it. Four parts of tin and one of molybdenum formed a still 
harder alloy, which admitted of being hammered a little, did 
not crackle like tin when bent, and in its fracture exhibited a 
grayish colour and granular texture. When strongly heated, 
the tin did not eliquate till the alloy “was pressed with the 
forceps.il 

XV. When 100 parts of tin and 50 parts of tungstic acid, Tung»(en. 
with some charcoal, are heated togjether, a brown coloured 
button is obtained, very spongy, somewhat ductile, and weigh- 
ing 138 grains.^ 

XVI. Tki and potassium are easily alloyed by heating them Potanium. 
together. A weak light is emitted at the instant of combina- 
tion. The alloy is brittle, not so white as tin, and pretty fusi- 
ble. It is speedily destroyed either in the air or under water 

by the conversion of the potassium into potash.** 

During the combination of sodium and tin no light is disen- sodium, 
gaged. This alloy possesses similar properties as the alloy of 
tin and potassium, but it is less fusible than tin.f f SeruUas has 

* Bayen. f Chaudet. ' 1 Gehlen. 

§ Chaudet, Ann. de Chim. et de Phys. iii. 376. 

II Crell’a Annals, iii. p. 373. f EIhuyarts. 

** Gay-Lussac and Thenard, Recherches Physico-chimiques, i. 220. 
ff Ibid. p. 240. 
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Chap. III. 


Iron. 


Tinplate. 

«|r 


Lead. 


shown that the fifst of these alloys may be ftirined fay heating' 
a mixture of 100 parts of oxide of tin, 60 of calcined cream of 
tartar, and 8 of lamp black.* * * § 

. JCVII. Tin does not combine readily with iron. An alloy, 
however, may be formed, by fusing them in a close crucible, 
completely covered from the external sijr. We are indebted 
to Bergman for the most precise experiments on this alloy. 
When the two metals Vere fused tbgether, he always obtaified 
two distinct alloys: the first, composed of 21 parts of tin dhd 
1 part of iron ; the second, of 2 parts of iron and 1 part of tin. 
The first was very malleable, harder than tin, and^iot so bril- 
liant; the second but moderately malleable, and too hard to 
yield to tlie knife.f 

"Tfhe forftation of tin plate is a sufficient proof of the affinity 
between these two metals. This vqry useful alloy,* known in 
Scotland by the name of white iron^ is formed by dipping into 
mdtted tin thin plates of iron, thoroughly cleaned by rubbing 
them with sand, and then steeping them 24 hours in water 
acidulated by bran or sulphuric* acid. The tin not only covers 
the surface of the iron, but penetrates it completely, and gives 
tlie whole a white colour.:{; 

XVIII. The alloy of tin and cobalt is of a light violet colour, 
and formed of small grains. 

XIX. Tin and zinc may be easily combined by fusion. The 
alloy is much harder than zinc, much stronger than tin, and 
still ductile. This alloy,^it is said, is often the principal ingre- 
dient in the compound called pewter. 

XX. Bismuth and tin unite readily. A small portion of 
bismuth increases the brightness, hardness, and sonorousness 
of tin : it often enters into the composition of pewter though 
never in Britain. B^ual parts of tin and bismuth form an alloy 
that melts at 280° : eight parts of tin and one of bismuth melt 
at 390° : two parts of tin and one of bismuth at 330°.^ 

XXI. When eight parts of bismuth, five of lead, and three 
of tin, are melted together, a white coloured alloy is obtained, 
which melts at the temperature of 212°, and therefore remains 
melted under boiling water. 

XXII. Lead and tin may be combined in any proportion by 

• Ann. de Mines, viii. 151, f Bergman, iii. 471. 

f See Watson’s Chem. Essays, iv. 191. For an interesting account of this 

raanu&ctoiy, by Mr. Parkes, the reader is referred to the Manchester 
Memoirs, vol. iii. p. 347, second series. 

§ Dr. Lewis, Newman’s Chem. p. III. 
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fusion. This allyy is harder, and possesses much more tena- F""*! 
city tin. Muschenbroeck informs us that these qualities 
are a tnoyinruim when the alloy is composed of three parts of - 
tin and one of lead. The presence of the tin seems to prevent 
in a g^eat measure the noxious qualities of the lead from becom- 
ing sensible when food is dressed in vessels of this mixture. 

This mixture is oftAi employed to tin copper vessels, and thfe 
noxious nature of lealft having raised a sospicion, that such ves- 
sete when employed to dress acid food, might prove injurious 
to tlie health, Mr. Proust was employed by the Spanish govern- 
ment to examine the subjects The result of his experiments 
was, that vinegar and lemon juice,«when boiled long in such 
vessels, dissolve a small portion of tin, but no lead, the presence 
of the former metal uniformly preventing the lattei^from |}e9ig 
acted on. • The vessels of course are innocent.* The specific 
gravity of this alloy increases with the lead, as might be 
expected. Hence the proportion of th^ two metals in SItch 
alloys may be estimated nearly from the specific gravity, as 
will appear from the following*table, drawn up by Dr. Watson 
from his own experiments.f 


Tin: 


Lead, 

Sp. grav. 

0 

# 

. 100 

. . 11-270 

100 

• 

0 

. . 7-170 

32 


1 

. . 7-321 

16 


•l 

. . *7-438 

8 

• 

. . 1 

. 7-560 

5 

• 

1 

. '. 7-645 

3 

• 

1 

. . 7-940 

2 

• 

. . 1 

.• : 8-160 

1 


. . 1 

. . • 8-817 


What is caHed in this country ley pewter is often scarcely any Pewter. 
thing else than this alloy.:|; Tinfoil, too, almost always is a 
compound of tin and lead. This alloy, in the proportion of 
two parts of lead and one of tin, ‘is more" soluble than either of 
the metals separately. It is accordingly used by plumbers as 
a solder. 

* Ann. de China. Ivii. 73. j- Chemical Essays, iv. 165. 

I There are three kindcf of pewter in common use ; namely, ptaie, trifle, 
and ley. The plate pewter is used for plates and dishes ; the trifle chiefly 
for pints and quarts ; and the ley metal for wine measures, &c. Their rela- 
tive specific gravities are as follows : Plate, 7*248 ; trifle, 7*359 ; ley 7*963. 

The best pewter is said to consist of 100 tin and 17 antimony. See Watson’s 
Chemical Essays, iv. 167. 
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Chap. 111. 


HUtory. 


Ores. 


process of 
smelting. 


SECTION V. OF COPPER.^ 

' If we except gold and silver, copper seems to have been 
more early known than any other metal. In the first itges of 
the world, before the method of working iron was discovered, 
copper was the principal ingredient in all domestic utensils and 
instruments of war. l!ven during the Trojan war, as we leam 
ft om Homer, the combatants had no (wher armour but what 
was made of bronze, ' which is a 'mixtuVe of copper and tin. 
The word copper is derived from the island of Cyprus, whfti'e 
it was first discovered, or at least wrought to any extent, by 
the Greeks. It is obvious, fro A a passage in the kook of Job, 
which is certainly the oldest of the writings in the Old Testa- 
ment, since there are strong reasons for believing that existed 
bSfore Moi-es, and that it is leferred to in more than one pas- 
sage contained in the five books usually ascribed to that ancient 
lawgiver, that the method of smelting copper W'as known and 
pmctised at that earjy age.* 

Copper exists rather abundantly in different parts of the 
earth, and it is found in a great variety of states; the species of 
copper ores that have been described by mineralogists amount- 
ing to 29. But by far the most abundant ores of copper, and 
those from which almost all the copper of commerce is extracted, 
are copper pyrites and gray copper ore. Both of these are sul- 
phur salts, the former being a compound of 

c 

f 1 atom sulphide of copper, 

1 1 atom sulphju’et of iMii, 

the latter of 

f 1 atom 8ulphid^ of antimony, or arsenic, 

12 atoms sulphuret of copper^^pr silver. 

Tlie richest copper mines are situated in Cornwall, where 
they occur in veins traversing primary rocks, and consisting 
chiefly of copper pyrites and gray copper ore. These ores, 
after being dug out and cleaped, as much as possible, are still 
mixed with a great quantity of quartzy matter, which accom- 
panied them in the vein, and from which it is impossible, nor 
would it be desirable, to free them. 

The copper ores of Cornwall are mostly transported to Swan- 
sea to be smelted, on account of the abundance of coal in that 
neighbourhood. The processes are numerous ; but the theory 

* *' Iron is taken out of the earth, and brass (copper) is molten out of 
the stone,” Job xxviii. 2. 
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of the whole may be reduced to the driving off the sulphur, 
oxidizing the iron, and converting it into silicate, which seprf- _ 
rates in the state of scoriae, while the oxide of copper is reduced 
to the metallic state. The first process is to roast the ore in 
a reverberatory furnace, for about 12 hours, occasionally stir- 
ring it to expose new surfaces to the*air, and taking jcare not 
to raise the heat higll enough to produce fusion. By this pro- 
cess a great deal of sulphur is driven off, the iron is partly 
onidized, and this gives the whole of the ore a black colour. 
The ore thus roasted is, ‘in the next place, fused in a melting 
furnace. JiVhen in a state o# complete fusion it is well stirred, 
in order to induce as complete a separation as possible of the 
metal from the sla^. By this fusion the silica is ma^e to unite 
with the protoxide of iron and "forms bisilicate oWron, yviflich 
constitutes the slag. This slag is skimmed off, and then a new 
charge is poured in and "fused as before. And this process is 
continued till the metallic portion collec(;(id in the furnacertf^as 
high as the furnace will admit of without running out by the 
door. A hole is then open^ through which the metal runs 
out into an adjoining pit filled with water. It thus becomes 
granulated, and collects in a pan, at the bottom of the cistern, 
which is raised by means of a crane. 

The ore, as originally brought to the smelting-house, con- 
tains only, at an average, about 8^ per cent, of copper ; but, 
by the roasting and smelting, so much of the foreign matter is 
removed that the matter rim into the water now contains about 
one-third of its weight of copper. *The success of the process 
depends upon the proportion existing in the ore between the 
iron and the quartz. It, is ofteir decessary to add either Uie 
one or the other of thesg substances Ticcording to the state of 
the ore. yixe produce of this first fusion is called, in the smelt- 
ing-houses, coarse metal. 

The coarse metal is subjected to another roasting process in 
a reverberatory furnace, which^is continued for 24 hours, and 
the chief object of which is to oxidize the iron and dissipate 
the sulphur which may still exist in it. The heat during the 
first six hours is moderate, and it is gradually increased after- 
wards to tlie end of the operation. 

The coarse metal thus roasted is fused a second time, being 
mixed partly with slag (bisilicate of iron) partly with furnace 
bottoms, &c. ; sometimes also it is found requisite to throw in a 
portion of uncalcined or raw ore. It is supposed that the sul- 


FamUy IV. 
Sect. V. 
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chapiiiL phur extricated during this process reduces, the copper to the 
riietallic state, but how fu* this is the case is rather doubtful. 
The slag obtained consists of silicate of iron. It is chiefly to 
supply the requisite quantity of silica that the additions made 
during the smelting are useful. The copper ore, by this second 
smelting, is reduced to* a matter containing 60 per cent, of 
copper. It is either run into water or inro sand moulds accord- 
ing to the mode of treatment it is tobe subjected to. When run 
into water it is in grains, and called fine metal ; when eastern 
sand it is called bltie metals from tlie colour of its surface. 

The calcination, or roasting^ is again repeated, and the 
roasted fine metal is smelted anew. The matter obtained by 
this third smelting contains about 90 per cent, of pure copper. 
It Is called *.?oarse copper. • 

The coarse copper masses from the last process are^filled into 
the furnace, and exposed to the action of the air which passes 
through the furnace, ^t a high temperature. The heat is gra- 
dually raised to the melting poinl;, and the expulsion of the 
volatile matter that remained is thus completed, while the iron, 
&c. is oxidized. The process lasts from 12 to 24 hours, accord- 
ing to circumstances. The pigs are covered with blisters, and 
the copper in this state is known by the name of blistered 
copper. 

The last process is called the refining or toughening process. 
The metal is put into a. furnace a'nd exposed at first to a mode- 
rate heat, in order to complete ^e roasting and oxidizing, 
shpuld that be necessary. The whole is then melted ; its sur- 
face is covered with charcoal, and a birch pole is plunged into 
the melted mass. Glas isf'evolved from this pole, which occa- 
sions a kind of boiling. "This is repejited tilkthe metal becomes 
ductile, and acquires the requisite toughness and closeness of 
grain. It is conceived that the effect produced by this process 
is the reduction of all the oxide of copper to the metallic state. 
If the process of poling be 9 ontinued too long, the copper 
acquires a yellowish red colour and a fibrous texture, and it be- 
comes more brittle than it was at first. It is supposed that this 
change is owing to a combination of carbon with the copper ; 
but J think that the evidence adduced in favour of this opinion 
is defective. It appears from the obseiVations of Stromeyer 
and Hausmann, that a peculiar kind of scales make their appear- 
ance in some cases in copper. These scales, from the analysis 
of Stromeyer, were composed of 
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Suboxid^of copper 
Protoxide antimony 
Protoxide lead 

50-50 

37-05 

4.05 
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Oxide of silver 

0-16 


Oxide of iron 

. . 0-07 


Sulphur 

Silica and al&miua 

.• . 0-80. 

1-58 



94-21* 

The copper containing tllese scales is brittle, and possesses all 
the bad qu;riities of over-pole# copper. It is obvious that if the 
process of poling were continued lo»g enough in such copper, 
the oxides of which these scales are composed woqld be re- 
duced, but they would render the copper brittle, ftnd brjn^ it 
exactly into the state of over-poled copper. How far the over- 
poled copper from the Cornish ores owes its bad qualities to the 
presence of foreign metals, remains to bt^etermined. Bll4 as 
gray copper ore and tennantjte occurs in Cornwall, it is obvious 
that both antimony and arsenib must exist in these ores. 

There is reason to believe that the copper smelted by the 
process just described, is seldom or never free from oxide of 
copper. To this cause I ascribe the short time that it generally 
lasts when used for sheathing ships. It accounts also for its low 
specific gravity when compared to that of pure copper. The 
late Mr. Mushet of the Mint*took out a»patent for a method of 
rendering copper much fittcj* for sheathing ships than it usually 
is. This method was to fuse the copper, and then add to^it 
about 3 -^(jth part of its weight of zinc. The copper thus 
treated was then rolled out into shetefS. Its specific gravity and 
tenacity were very materij^lly increasefl by this process. Upon 
analyzing it no trace of zinc could be discovered. But it was 
evident from the result of the imalysis that the whole copper 
was in the metallic state. I conclude from tliis that when the 
zinc was thrown into the melte^ copper, it had instantly ab- 
sorbed the oxygen from a portion of oxide of copper contained 
in the liquid mass. By this absorption the zinc would be oxi- 
dized and thrown off, so that not a particle of it would remain 
united to the copper, except when it was added in greater 
quantity than was nbcessary to reduce the oxide of copper. 
Mr. Mushet’s process then, I conceive, improved the copper 
merely by reducing the whole copper to the metallic st£^e, 
though a portion of it existed before in the state of oxide. 

* Ann. de Chim. et de Phys. xxxiiL 328. 
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Propertiei. 


I. Copper has a fine red colour, and a gres^t deal of brilliancy. 
Its taste is styptic and nauseous ; and the hands, when rubbed 
for some time on it, acquire a peculiar and disagreeable* odour. 
It is liarder than silver. Its specific gravity varies according 
to^ts state. Lewis found the specific gravity of the finest cop- 
per he pould procure 8'*830.* Mr. Hatchett found the finest 
granulated Swedish copper 8*895.f It is probable that the 
specimens which have’been found ?)f inferior gravity were not 
quite pure.f Cronstedt states the specific gravity of Jal9^n 
copper at 9*000.§ Mr. Harepath sbttes the specific gravity of 
copper at 8’900.(| I found thd specific gravity Af Mushet’s 
patent rolled copper 8*953 at 60°, and this is what I am dis- 
posed to consider as the true specific gravity of pure copper. 

T[ts malleability is great : it'may be hammered out into leaves 
so thin as to be blown about by the slightest breeze. Its ductility 
is also considerable. Its tenacity is such, according to Count 
Siokengen, that a c#»pper wire 0*078 inch in diameter is capa- 
ble of supporting 302*26 lbs. avoirdupois without breaking.^ 
Mr. Rennie found that a bar of cast copper inch in diameter 
was broken by a weight of 1192 lbs. ; while a bar of wrought 
copper reduced by the hammer required 21 12 lbs. to break it.** 
According to these experiments, a wire of cast copper of y^tli 
inch in diameter is broken -by a weight of 190*7 lbs. while a 
wire of wrought copper of the same diameter requires to break 
it a weight of 337*9 lbs. avoirdupois. 

When heated to the temperature of 27° Wedgewood, or, 
according to Daniel, 2548° Fahrenheit, it melts ; and if the heat 
be increased, it evaporates in visible fumes. While in fusion 
it appears on the surface of’ a bluish green, nearly like that of 

* Neuman’s Chemistry, p. 61. Fahrenheit had found it 8’834. Phil. 
Trans. 1714, vol. xxxiii. p. 124. 

t On the Alloys of Gold, p. 50. It would have been heavier had it been 
hammered or rolled. Bergman states the specific gravity of Swedish copper 
at 9*3243. Opusc. ii. 263- 

J The following are the results of Mr. Hatchett’s trials : 

Finest granulated Swedish copper . . 8*895 

Do. Swedish dollar . . 8*799 

Do. sheet British do. . . 8- 785 

Fine granulated British do. . . 6*607 

§ I have had an opportunity of taking the spedfic gravity of Chinese cop- 
per, and found it the same as European. Hence 1 am inclined to suspect 
that Cronstedt’s number is inaccurate* Indeed I have lately taken the spe- 
cific gravity of Japan copper, and found it only 8*434. 

II Phil. Mag. Ixiv. 322. T Sickengen, Ann. de Chim. xxv. 9. 

Phil. Trans. 1818, p. 126. 
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melted gold.* When allowed to cool slowly, it assumes a crys- P»Mny ly. 
talline form. The Abbe Mongez, to whom we owe many valu^t *' 

able experiments on the crystallization of metals, obtained it in 
quadrangular pyramids, often inserted into one another. 

II. Copper is not altered by water : it is incapable of decom- oxide». 
posing it even at a red heat, unless air ‘have free access to it at 
the same time ; in that case the surface of the metal become^ 
oxidized. Every onff mustdiave remarked, that when water is 
kept in a copper vessel, a green crust of verdigris, as it is called, 
is formed on that part of the vessel which is in contactwith the 
surface of the water. 

When copper is exposed to the ajr, its surface is gradually 
tarnished ; it becomes brown, and is at last covered with a dark 
green crust. This crust consists of oxide of coppe* combirAd 
with carbonic acid gas. At the common temperature of the air, 
this oxidizement of copper*goes on but slowly ; but when a plate 
of metal is heated red hot, it is covered ii^ few minutes with 
a crust of oxide, which separates spontaneously in small scales 
when the plate is allowed to cool. The copper plate contracts 
considerably on cooling, but the crust of oxide contracts but 
very little ; it is therefore broken to pieces and thrown off, when 
the plate contracts under it. Any quantity of this oxide may 
be obtained by heating a plate of copper and plunging it alter- 
nately in cold water. The scales fall down to the bottom of 
the water. When copper is k9pt heated J>elow redness, its sur- 
face gradually assumes. beautifully variegated shades of orange, 
yellow, and blue. Thin plates of ft are used in this state Jp 
ornament children’s toys. In a violent heat, or when copper 
is exposed to a stream of oxygen antf hydrogen gas, the metal 
takes fire and burns with^some brillitfticy, emitting a lively 
green light.. The product is an oxide of copper. 

Three combinations of copper and oxygen have been described 
by chemists. There is one which exists native, having a dark 
red colour and crystallized in oc^hedrohs, and which contains 
the smallest quantity of copper. It may be called the svboxide. 

There is another which may be formed by exposing copper 
filings for a long time to a red heat, which has a black colour, 
and constitutes the basis of the cupreous salts. It may be called 
oodde of copper. There is a third oxide formed by Thenard by 
means of deutoxide of hydrogen, which may be called peroxide 
of copper. ' 

1. The suboxide of copper was first observed by Proust ; but i. Suboxide. 


* Dr. Lewis, Neuman’s Chemistry, p. 8 1 . 



590 , 

ciup.nL 


S. Oxide. 


SIMPLE ALKALIFIABLE BASES. 

■we are indebted to Mr. Chene'vix, who foun4 it native in Com- 
■wall, for the investigation of its properties. It may be prepared 
by mixing together 57-5 parts of black oxide of copper, 'and 50 
parts of copper reduced to a fine powder by precipitating it from 
muriatic acid by an iron plate. This mixture is to be triturated 
in a mortar, and put with muriatic aci^ into a well-stopped 
phial. Heat is disengaged, and almost all the copper is dis- 
solved. When potash is dropped hato this solution, the oxide 
of copper is precipitated orange. But the easiest process i*^to 
dissolve any quantity of copper in muriatic acid by means of 
heat. The grfeen liquid thus obtained is to be put kito a phial, 
together ■with some piece9»of rolled copper, and the whole is to 
be corked up closely. The green colour gradually disappears ; 
the liquid becomes dark bro^wh and opaque ; and a number of 
dirty white crystals, like grains of sand, are gradually deposited. 
When this liquid, or the crystals, are thrown into a solution of 
potslsh, the orange T^oloured oxide precipitates in abundance. 
The specific gravity of this oxide, ,as determined by Proust and 
Dumas, is 5‘749.* But Mr. Hafepath states it at 6*093 ;f which 
must be very near the truth, as the native crystallized suboxide 
has been found as high as 5*992. 

The oxide of copper when exposed to a strong heat is con- 
verted into suboxide. I have a specimen of metallic copper 
which was converted into suboxide by frequent exposure to the 
heat at which gold melts. When this suboxide is digested in 
dilute acids it is converted into oxide which dissolves, and metal- 
lie copper which remains. But nitric acid converts it entirely 
into oxide, and muriatic acid dissolves it and forms with it a 
colourless solution, from ■which it is precipitated by an alkali in 
the state of a yellow hydrate. It dissolves in ammonia, and the 
solution is colourless. It is formed when caustic ammonia is 
digested on metallic copper. When the solution is exposed to the 
air the suboxide is converted into oxide, and the liquid assumes 
a violet blue colour. From the analysis of Chenevix and Berze- 
lius, there can be no doubt that this suboxide is a compound of 
Copper . . 8 

Oxygen . . 1 

9 $ 

2. The oxide of copper is easily procured pure from the 

* Annals of Philosophy (2d series) iii. 392. -j- Phil. Mag. Ixiv. 322. 

t Berzelius’s experiments make it 

Copper ... 8 

Oxygen . . . 1*0108 
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scales Vhicli are formed upon the sur&ce of red-hot copper. 
These scales har^ a violet red colour^ owing to the presence of 
a little^etallic copper upon their under suri^e ; but when kept 
for some time red-hot in an open vessel, they become black, 
and are then pure oxide of copper. The same oxide may be 
obtained by dissolving copper in sulphuric or nitric acid, pre- 
cipitating by means of potash, and then heating the precipitate 
sufficiently to drive off any water which it may retain. This 
oxide is a tasteless black powder, without any lustre. It dissolves 
in acids without effervescence, and forms green or blue coloured 
solutions according to the acid. Its specific gravity, as deter- 
mined by Mr. Harepath, is 6-401.*, 

When exposed to a very high temperature, it melts and 
assumes a crystallized texture. *If we drop a solution this 
oxide in to A caustic alkaline ley, we obtain a blue coloured bulky 
precipitate which is a hydrated oxide, composed when dried in a 
very low heat of 

1^ atom water . . 1-6875 

1 atom oxide ■ . . 5- 


6-6875 

The oxide of copper is insoluble in the caustic fixed alkaline 
leys. But when fused with the fixed alkalies or alkalin e earths, 
a combination takes place which has either a green or a blue 
colour, according to circumstaftces. It aven displaces carbonic 
acid at a red heat. When these compounds are digested in 
water, decomposition takes place, the alkaline body is dissolv^, 
and the oxide of copper remains. Caustic ammonia dissolves 
this oxide, or at least its salts, andr the solution has a fine and 
deep blue colour. If ammonia be potfred upon pure oxide of 
copper in a^well stopped vessel, to the interior of which air has 
no access, hardly any of the oxide of copper is dissolved, so 
that the ammonia scarcely becomes coloured. But if a single 
drop of carbonate of ammonia bg addedi and the whole shaken, 
the liquid immediately acquires a blue colour. This seems to 
show that what has hitherto been considered as a solution of 
oxide of copper in ammonia, is in reality a solution of a double 
cupreous salt in that alkali. If to this solution we add a suf- 
ficient quantity of caustic potash, the copper falls in the state 
of a blue hydrated oxide, and the liquid becomes colourless. 
The reason of this probably is that the potash takes possession 
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• Phil. Mag. Ixiv. 382. 
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caiap. HI. of the acid formerly united to the oxide of copper. This oxide 
dissolves in glass and gives it a green colour. It dissolves in 
oils, and colours them green. * 

Atomic I have shown elsewhere* that the oxide of copper is a com- 

weight. r J » 

pound of 

Coppfer . . 4 

Oxygen . .1 

5 

Now as this oxide constitutes the bases of all the salts of cop- 
per (for the existence of salts ct^itaining the suboaade is still 
far from being proved in, a satisfactory manner), and as it is 
evident from the analysis of these salts that the atomic weight 
of vhe^ oxide, is 5, unless we choose to consider all the cupreous 
salts as containing two atoms of acid united to otie atom of 
oxide, which is not the case with any other genus of salts, we 
must consider this Q;j;de as a compound of 

1 atom copper . 4 

1 atom oxygen.^ . . 1 

5 

On that supposition the atomic weight of copper must be 

4.t 

3 . Peroxide. 3. When the hydrated oxide of copper is mixed wdth a dilute 
deutoxide of hydrogen at the tehiperature of 32°, the hydrate 
assiunes first a greenish colour, and becomes at last yellowish 
brown, which is the colour of the peroxide of copper. As soon 
as this oxide is formed it begins to give out oxygen. This 
evolution is diminished by' pouring, water on it to dilute the 
deutoxide of hydrogen' sufficiently.^ It must be separated as 
quickly as possible from the liquid, pressed between folds of 
paper, and then dried in a vacuum over sulphuric acid. When 
raised to the boiling point of water it is decomposed. When 
thrown on a red-hot coal it detQnates, and the copper is reduced. 
It is insoluble in water, and does not alter the colour of litmus 
paper. Acids decompose it into oxide of copper and deutoxide 
of hydrogen. According to Thenard, to whom we are indebted 

* First Principles, i. 412. , 

'f' This opinion has been adopted by almost all chemists. Berzelius, 
Wollaston, Gay-Lussac, Proust, Leopold Ginelin, &c. Dr. Turner, I 
observe, in his Elements of Chemistry (p. 545), has adopted a contrary 
opinion. But I hare little doubt that when he fully considers the subject 
he will see reason to alter it. 
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for all the preceding facts, the peroxide contains twice as much 
oxygen as the oxide. Hence it consul of * 1_ 

1 atom copper . '. 4 

2 atoms oxygen . . 2 

6 

It is obvious that the* suboxide is a compound of 

2 atoms copper . . 8 

1 atom oxygen . . 1 

9 

III. When copper filings are ^introduced into chlorine ggs Cbioridn. 
they take fire, a fixed yellowish substance is formed, wMle a 
portion sublimes in the state of a yellowish brown powder. The 
first of these compounds is a subchloride of copper ; the second 
a chloride. 

1. The subchloride may be formed by heating a mixture of rij®****®" 
two parts of corrosive sublimate and one part of copper. Boyle 
obtained it in this way, and published an account of it in 1666 
in his treatise on the origin of forms and qualities^* under the 
name of rosin of copper. Proust obtmned it by mixing proto- 
muriate of tin with a solution of copper in muriatic acid. He 
procured a white salt, to which he gave the name of muriate qf 
copper.\ Chenevix found afterwards that this salt- is formed 
when equal weights of blade oxide .of copper, and copper in 
powder, are mixed together and then acted upon by muriadc 
afcid in a close vessel. J Proust obtained it likewise by distilling 
green muriate of copper. * A grayish ^mass remained in the 
retort, which was svbchloride qf copper. It is obtained also 
when a plate of copper is plunged into a bottle filled with green 
muriate of copper. The g^een colour gradually disappears 
and small white crystals are deposited, which consist of sub- 
chloride of copper.§ • 

Stdtchloride qf copper when pure has an amber colour and a 
certain degree of translucency. It melts at a heat just below 
redness. In close vessels it is not decomposed nor sublimed 
by a strong red heat, but in the open air it is dissipated in white 
fumes. It is insoluble in water ; but dissolves in nitric acid 
without effervescence. In muriatic acid it dissolves without 

* Shaw’s Boj'le, i. 252, 255. 

\ Phil. Trans. 1801, p. 237. 

I. 2 e 


f Ann. de Chim. xxyiii. 218. 
§ Jour, de Phys. li. 181. 
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S. ChlorideL 


Iodide. 


Phoiphureto. 


efTervesceiice} aud is predpitated again tugialtered by water. 
Potasb throws down suboxide of copper. According to the 
analysis of Dr. John Davy,* it is composed of 
2 atoms c6pper . . 8 

1 atom chlorine . . 4*5 ^ 

2. T>e chloride of copper may be obtained by evaporating 
the green muriate to dryness in a temperature not exceeding 
400®. It has a brownish yellow 'colour-, and is pulverulent. 
When exposed to the air it absorbs moisture, and beconves 
first white and then g^een. Heat decomposes it, driving off 
a portion of the chlorine and converting it into subchloride. 
According to the analysiaof Dr. John Davyf it is composed of 

1 atom copper . . 4 

, f 1 atom chlorine* . . 4*5 

IV. The combination which copper forms with bromine has 

not been examined. 

«V. Copper may bp combined with iodine by heating the two 
substances together. Analogy would lead us to suppose that 
two iodides of this metal exist. But no experiments have 
hitherto been made on the subject. The only iodide known is 
of a dark brawn colour. It may be obtained by dropping a 
hydriodate of potash into a solution of copper in an acid. This 
iodide is insoluble in water. It is probably a compound of 
1 atom copper . . 4 

1 atom iqdine .' . 15*75 


19*75 

We do not know the action of fluorine on copper. Copper 
does not combine, so far as is known, with hydrogen, azote, 
boron, or silicon. < 

VI. Mr. Pelletier formed phosphuret of copper by melting to- 
gether 16 parts of copper, 16 parts of phosphoric glass, and 1 
part of charcoal.! Margraff was the first person who formed 
this phosphuret. His method was to distil ' phosphorus and 
oxide of copper together. It is formed most easily by project- 
ing phosphorus into red hot copper. It is of a white colour ; 
and, according to Pelletier, is composed of 20 parts of phos- 
phorus and 80 of copper, § or 1 atom phosphorus, 2 atoms cop- 
per. This phosphuret is harder than iron. It is not ductile, 
aiid yet cknnot easily be pulverized. Its specific gravity is 

* Traps. 1812, p. 170. t 

1 Aon. de thim. ]. 74. § Ibid. xiii. 3. 
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7’ 1220. It crystallizes in four-sided prisms.* It is miiclb more, rv. 
fusible than copper. When exposed to the aitf it loses its 
lustre, becomes black, fells to pieces ; the copper is oiudated, * 
and the phosphorus conyerted into phosphoric acid. When 
heated sufficiently, the phosphorus burnSf and leaves the copper 
under the form of blacl? scoriae, f ^ 

Sage has shown that this compound does not easily part with 
the whole of its phosphorus, though frequently melted, but 
retmns about a twelfth. In this state it may be considered as 
a sub-phosphuret. It is more fusible than copper, and has the 
hardness, thb grain, and the colour of steel, and admits of an 
equally fine polish.^ • 

M. H. Rose formed two other phosphurets of co^er. Tl^p 
first by passing a current of dry phosphuretted gas over* dry 
chloride of copper. The phosphuret was a compound of 
1 atom phosphorus . . 2 

1 atom copper . t 6 

8 

The other compound was a trisphosphuret formed by passing a 
current of phosphuretted hydrogen over hot subchloride of 
copper. It was a compound of 

1 atom phosphorus . . 2 

3 atoms copper ^ . . 12 

• ...... 

VII. Copper and sulphur unite at least in three proportions^ sui^utet*. 
and probably even in a greater number. 

1. If 8 parts by weight of*copper film^s, mixed with 3 parts 
of flowers of sulphur, be put into a glass receiver, and placed 
upon burning coals, the mixture first melts, then a kind of ex- 
plosion takes place ; it becomes red hot ; and when taken from 
the fire, continues to glow for some time like a live coal. If 
we now examine it, we find it converted into stUphuret of coj^per. 

This curious experiment was first made by the associated Dutch 
chemists, Dieman, Troostwyk, Niewland, Bondt, and Lauren- 
burg, in 1793.|I They found that the combustion succeeds 
best when the substances are mixed in the proportions men- 
tioned above ; that it succeeds equally, however pure and dry 

* Sage, Jour, de Phys. xxxTiii. 468. f Fourcroy, vi. 858. 

f Kicholson’s Jour. ix. 868. $ Ann. de Chim. et de |%ys. xxxiv. 17& 
y Jour, de Min. No. ii. 8A 
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the sulphur and copper be, and whatever w be present In die 
glass vessel, whether common air, or oxygen gas, or hydrogen, 
or azotic gas, or even when the receiver is filled with ■iirater or 
mercury. * 

Disuiphuret. It has been ascertained by analysis that this is a disulphuret 
composed of 

1 atom sulphur . . 2 

2 atomS copper . ‘. 8 

10 

This sulphuret occurs native^and is known to rilineralogists 
under the name of glance copper. It has a blackish lead gray 
colour, the metallic lustre, is very soft and sectile, and its spe- 
cific'grcvify is 5*695. Indeed Mr. Harepath states it as high 
as 5*792. It is usually crystallized ip six-sided prisnSis, but from 
the observations made by Mr. Levy on the cleavage, it is not 
ufilikely that its pr’mary form may be a rhomboid somewhat 
analogous to the primary form of quartz. 

Sulphuret. 2. Sulphuret of copper composed of an atom of each consti- 
tuent is formed when a current of sulphuretted hydrogen gas 
is passed through a solution of sulphate of copper. The pre- 
cipitate is at first brown; but it becomes gradually black. 
When dried it has a slight shade of green, and it slightly red- 
dens moistened litmus paper. When heated it gives out a 
little moisture, then sulphurous acid and sulphur, and a disul- 
phuret of copper remains behind- It is insoluble in caustic 
Saline leys, and likewise in hydrosulphuret of ammonia. This 
sulphuret, which exists as a constituent of copper pyrites, is a 
compound of 

1 atom' sulphur < . 2 

I atom copper . . 4 . 

6 

3. Berzelius informs us thet when persulphuret of potassium 
(hepar sulphuris), is mixed with a solution of sulphate of copper, 
a liver brown precipitate falls, which may be washed without 
alteration by hot water, and which, when dry, assumes a black 
colour. He presumes that this matter is a compound of 
5 atoms sulphur . " . 10 

I atom copper . . 4 

14 

There can be httle doubt that other analogous sulphurets of 
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copper 'might be formed by means of bisulphuret, tersulphnret, 

and quatersulphuret of potash. • L. 

VII^ When a current of selenietted hydrogen gas is passed sdenjet. 
through a solution of sulphate of coppel^ a precipitate falls in 
black flocks, which becomes gray when dry, and assumes* a 
polish when rubbed wii^ a hematite. This precipitate is pro- 
bably a seleniet of copper. When heated half of the seleniunf 
is disengaged, and a meltecLmass remains, which is probably a 
subgeleniet of copper. The same seleniet is obtained when 
copper and selenium are heated together. It has a steel gray 
colour, and ^elts long before4t is heated to redness. When 
strongly heated, it gives out a portioi^of its selenium ; but not 
the whole.* 

IX. Copper may be combined* with arsenic by fnsi^ ^eilk Aneniet. 
together in»a close crucible, while their surface is covered with 
common salt to prevent thb action of the air, which would oxi- 
dize the arsenic. This alloy is white and battle, and is us«d 

for a variety of purposes ; but it is usual to add to it a little tin 
or bismuth. It is known by th*e names of white copper and white 
tombac. When the quantity of arsenic is small, the alloy is. 
both ductile and malleable.f 

Gehlen found that when 100 parts of copper filings and 100 
parts of arsenic were melted together, a grayish white, brittle, 
fine'^granular mass was obtained weighing 158*6 parts. This 
is obviously a compound of 

2 atoms copp^, 

1 atom arsenic.. 

X. Copper combines readily with,amtunony by fusion. The Antimoniet 
alloy is brittle when it consists of equal parts of the two metals, 

is of a beautiful violet coloflr, and its specific gravity is greater 
than intermediate.^; This alloy was called regvlusof Venus by 
the alchymists. 

XI. Davy ascertained the fact that ccq)per may be alloyed AUoy*. 
with potassium and sodium, and that the alloys formed decom- 
pose water. But their properties have not .been particularly 
investigated. 

We are not acquainted with the alloys which copper forms 
with the metallic bases, of the alkaline earths and earths proper. 

XII. Equal parts of molybdenum and copper formed an alloy 

* Berzelius, Ann. de Chim. et de Phys. x. 244'. 
f Neuman’s Chem. p. 144. f P* 13®* 
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which yielded to the hammer a little, hut at length broke in 
. pieces, exhibi^g a granular t^ture, and a*bluish colour mixed 
with red. It admitted of being filed; and the 8urj|uce thus 
exposed was paler than copper, and did not lose its lustre by 
exposure to the air. Four parts of copper and li molybdenum 
formed an alloy not very different in ijs properties ; but when 
^e metals were mixed in the proportion of 1 part copper and 
2 molybdenum, the, alloy was brittle, and of a reddish-gray 
colour. Nitric acid dissolved the copper, and left the white 
oxide of molybdenum.* , 

Xlll. When 100 parts of capper were heated )|rith 50 parts 
of tungstic acid, a copper red button was obtained approaching to 
brown in colour, spongy, and pretty ductile, and weighing 133 
parts.t ' This approaches 

9 atoms copper . . 36 

1 atom tungsten . . 12*5 


48-5 

XIV. Iron may be united to copper by fusion, but not with- 
out considerable difficulty. The alloy has been applied to no 
use. It is of a gray colour, has but little ductility, and is much 
less fusible than copper. Thenard has ascertained, that it is 
attracted by the magnet, even when the iron constitutes only 
-j^th of the alloy. J Mr. Tevavasseur has published some obser- 
vations, which render it probable that the variety of iron called 
Ihrf short iron, because it is brittle when red-hot, sometimes 
cfwes its peculiarities to the presence of copper. This variety 
possesses a greater degree of tenacity than common iron, 
and therefore answers better for some purposes. It may be 
hammered when white hot. As Sbon as it cools, so far as to 
assume a brovra colour, the forging must be stopped till it 
becomes of an obscure cherry-red, and then it may be continued 
till the iron is quite cold.§, 

X.V. There is an alloy of topper and nickel manuffictured at 
Suhl in Thuringia which has a white colour like silver, and 
which is employed for a variety of ornamental purposes. It 
would appear that this alloy is obtained by smelting an ore which 
is found in the. neighbourhood, and which from Brande’s analy- 
ris is composed of 


* Crell’s Annals, iii. p. 366. 
Ann. de Chim. 1. 131. 


f Elhujwrts. 

% Jt^ xlii. IBS. 
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Copper . 88 

Nickel .• . . . . . 8-763 A. 

Si|lphur with some aatimony . . 0*760 

Silica, ajiuiiuiia, and iron . . . 1*760 

. * 99*253* 

There is an alloy much used in China under the name of 
Tutenag or white copper. Jt is white aiyl resembles silver, and 
is \bery sonorous when struckl It admits of a fine polish and 
is not easily tarnished. . ^fs specific gravity was found by Dr. 

Fyfe to be ^432. It is malleable at the ordinary temperature 
of the air and at a red heat | but at a white heat it is brittle. 
According to the analysis of Dr. Fyfe it is an alloy of 
Copper . . ... . . 40*4 

Zinc , 219*^ 

Nickel . . • . . . . 31*6 

Iron . . . . . . 2*6 

100*0f 

XVI. The alloy of copper and cobalt is unknown. 

XVII. Manganese unites readily with copper. The com- 
pound, according to Bergman, is very malleable, its colour is 
red, and it sometimes becomes green by age. Gmelin made a 
number of experiments to see whether this alloy could be formed 
by fusing the black oxide of manganese along with copper. He 
partly succeeded, and proposed to substitute this alloy instead 
of the alloy of copper and afsenic, which is used in the arts.^ 

XVIII. The alloys of copper with cerium and uranium ate 
unknown. 

XIX. Zinc combines re'adily with cppper, and forms one of 
the most useful of all the metallic alloys. The metals are usually 
combined tojjether by mixing granulated copper, a native oxide 
of zinc called calamine^ and a proper proportion of charcoal in 
powder. The heat is kept up for five •or six hours, and then 
raised sufficiently high to melt the compound. It is afterwards 
poured into a mould of granite edged round with iron, and cast 
into plates. This compound is usually known in this country by 
the name oi brass. The metals are capable of uni t in g in various 
proportions, and according to them, the colour wd other quali- 
ties of the brass vary also. According to Dr. Lewis, who made 

■* Schweigger’s Jahrbuch, ix. 17. f Edih. I%ilos. Journal, vii. 69. 

t Gottingen Comment. 1787, vol. ix. p. 75. 
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C; 

piwp.nL niuneroos experiments on the subject, a very small portion 
of zinc dilutes the colour of copper, and renders it pale j when 
the copper has imbibed one-twelfth of its weight the, colour 
inclines to yellow. The yellowness increases v^ith the zinc, 
till' the weight of that metal in the alloy equals the copper. 
Beyond this point, if the zinc be increaped, the aHoy becomes 
paler and paler, and at last white.* * * § The proportion of zinc 
imbibed by the coppei; varies in different manufactories accord- 
ing to the process, and the purposes to which the brass is to.be 
applied. In some of the British manufactories the brass made 
contains ^d of its weight of zino.- In Germany ai}d Sweden, 
at least if the statements of Swedenburg be accurate, the pro- 
portion of zinc varies from ^th to ^th of the copper.f 

«The moat intimate and complete alloy consists of two atoms 
of copper and one atom of zinc. This is British brass. Dutch 
brass, which answers so much better for the purposes of watch- 
m^ers, &c. appears to be a compound of four atoms copper and 
one atom zinc. ' 

Brass is much more fusible thru copper ; it is malleable while 
cold, unless the portion of zinc be excessive ; but when heated 
it becomes brittle. It is ductile, may be drawn out into fine 
wire, and is much tougher than copper, according to the expe- 
riments of Muschenbroeck. J According to Gellert, its specific 
gravity is greater than the mean. It varies considerably accord- 
ing to the proportion of zinc. Dr. Watson found a specimen 
of plate brass from Bristol 8'441 :§ while Brisson makes com- 
mon cast brass only 7*824. "Brass maybe readily turned upon the 
lathe, and indeed works more kindly than any other metal. 

Pinchbeck. When zinc in the metallic state is melted with copper or 
brass, the alloy is knovm by the names of pinchbeck^ princes 
metaJl^ 'Prince Ruperts metals similc^f &c. The proportion of 
zinc is equally variable in this alloy as in brass; sometimes 
amounting nearly to one-half of the whole, and at other times 
much less. The colour of pinchbeck approaches more nearly 
to that of gold, but it is brittlfe, or at least much less malleable 
than brass. Brass was known, and very much valued, by tlie 
ancients. They used an ore of zinc to form it, which they called 

* Neuman’s.. Chem. ^ Wasserberg, i. 267. 

t But Mr. Bennie found that a bar of brass inch in diameter was broken 
by a weight of 1123 lbs. Hence a brass wire of one-tenth inch in diameter 
would be broken by a weight of 179*6 lbs. Hence it is weaker than cast 

brass. See Phil. Trans. 1618, p. 126. 

§ Chem. Essays, iv. dS. 
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cadmta. Dr. Watson has proved that it was to brass which 
they gave the nahie of orichalcum* Their taswas copper, or 
rathei; bronze.f 

XX. Copper and cadmium may be combined together. The 
alloy is white with a shade of yellow. It is very brittle, Sven 
when the proportion />f cadmium amOtints only to two^ or three 
hundred parts of that of the copper. When this alloy is exposed 
to a temperature suificiently high to fuee copper, it is decom- 
posed, and the whole cadmium is volatilized. Hence it is 
obvious, that brass never «an contain any cadmium ; while tutty, 
which is the*matter sublimed during the making of brass, is sure 
to contain cadmium, if there was a^y of that metal present in 
the zinc ore. According to Stromeyer, tlie alloy of copper and 
cadmium is a compound of 

Copper . ,. 100 . . 8 

Cadmium ... 82 . . 6’36J 

It is probable from these numbers that tfie true chemical com- 
pound of copper and cadmiun* is composed of an atom of cad- 
mium and two atoms copper. 

XXI. Copper forms with bismuth a brittle alloy of a pale 
red colour, and a specific gravity exactly the mean of that of 
the two metals alloyed.§ 

XXII. Copper does not unite with melted lead till the fire 
is raised so high ^ to make the lead bqil and smoke, and of a 
bright red heat. When pieces of copper are thrown in at that 
temperature, they soon disapper. The alloy, thus formed is of 
a gray colour, brittle when cold, and of a granular texture. || 
According to Kraft, it k rarer than the mean.f The union 
between the two metals is very slight. When the alloy is 
exposed to^ a heat sufficient only to melt the lead, almost the 

* Manchester Transactions, vol. ii. p. 47. 

i* The ancients do not seem to have known 'accurately the difference be- 
tween copper, brass, and bronze. Htftice the confusion observable in their 
names. They consider brass as only a more valu.able kind of copper, and 
therefore often used the word indifferently to denote either. It was not 
till a late period that mineralogists began to make the distinction. They 
called copper eyprium, and afterwards only cyprmrn, which in process of 
time was converted Into, cuprum. When these chang|^s took place is not 
known accurately. Pliny uses epprium, lib. xxxvi. cap. 26. The word 
cuprum occurs first in Spartian, who lived about the year 290. He says, in 
his life of Caracalla, cancelU ex cere vel cupro, 

I Gilbert’s Annalen, lx. 208. § Ctellert. 

II Lewis, Neuman’s Chem. p. 57. T Wasserberg, i. 263. 
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oufi. in. 


Bronzes 


whole of the lead runs off, and leaves the copper nearly pure;* * * § 
The little lead that remains may be scorified by eitposin'g the 
copper to a red heat. If the lead that runs off carries with it 
any copper, on melting it the copper swims on the surface, and 
maf be easily skimmed off.f This alloy is said to be employed 
sometimes for the purpose of making printers’ types for very 
large characters.:]; 

XXIII. Tin unites .very readily ^with copper, and forms an 
alloy exceedingly useful for a great variety of purposes. Of 
this alloy cannons are made : bell metal, bronze, and the mir- 
rors of telescopes, are formed of different proportions of the 
same metals. The additipn of tin diminishes the ductility of 
copper, and increases its hardness, tenacity, fusibility, and sono- 
rottsness. The specific gravity of the alloy is greater than 
the mean density of the two metals. It appears from^the expe- 
riments of Mr. Briche, that this augmentation of density 
incDonses with the tin ; and that the specific gravity, when the 
alloy contains 100 parts of copper and 16 of tin, is a maximum : 
it is 8*87. This is very nearly *12 atoms copper to 1 atom of 
tin. The specific gravity of equal parts of tin and copper is 
8*79, but it ought only to be 8 ; consequently the density is 
increased 0*79.§ This alloy consists nearly of 2 atoms copper 
and 1 atom tin. In order to mix the two metals exactly, they 
ought to be kept a long time in fusion, and constantly stirred, 
otherwise the greater part of thd copper will sink to the bot- 
tom, and the greater part of the tin rise to the surface ; and 
there will be formed two* different alloys, one composed of 
a great proportion of copper combined with a small quantity of 
tin, the other of a great ptoportion gf tin alloyed with a small 
quantity of copper. • 

Bronze and the metal of cannons are composed qf from 8 to 
12 parts of tin combined with 100 parts of copper. This alloy 
is brittle^ yellow, heavier than copper, and has much more 
tenacity ; it is much more fusible, and less liable to be altered 
by exposure to the air. It was this alloy which the ancients 

* Lewis, Keuman's Chemistry, p. 67. This curious mode of separation 
is called in Chemistry eliquation- 

f Ibid. p. 67. . 

t Fourcroy, vi. 266. It has been lately ascertained by Mr. Hatchett, that 
copper cannot be used to alloy gold unless it be free from lead. The smdlest 
portion of this metal, thoi^h too minute to affect the copper itself produces 
a sensible change on the ductility of gold. 

§ Jour, de Min. An. v> 881. 
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usedT for idiarp-edged instruments before the method of work- 

ing iron was broihght to perfection. The of the Greeks, L_ 

and j)erhaps the cbs of the Romans, was nothing else. Even 
their copper coins contain a mixture of tin.* 

The term brass is often applied to this alloy, though? in a 
strict sense, it meai}s a compound of copper and zinc. Brass 
guns are made in no other part of Britain except ^^oolwich. 

The proportion of tin vacies from 8 to,12 to the 100 of copper ; 
the purest copper requiring the most, and the coarsest the 
least. This alloy is moi^p sonorous than iron ; hence brass guns 
give a m^oh louder report than those made of cast iron.^- 

Bell metal is usually composed of 3 parts of copper and 1 Beumetai. 
part of tin. Its colour is grayish white ; it is very hard, son- ' 
orous, and elastic. The greater part of the tin «nay be sepa- 
rated by, melting the alloy, and then pouring a littlS-^ter on 
it. The tin decomposes the water, is oxidized, and thrown 
upon the surface. According to Swedenbjirg, the Englii^bell 
metal is usually made from the Scoriee^f the brass gun foun- 
dery, melted over again.:): * The proportion of tin in bell metal 
varies. Less tin is used for church bells than clock bells; 
and in small bells, as those of watches, a little zinc is added to 
the alIoy.§ According to Gerbert, the conch of the East Indians 
is composed of tin and copper, in the same proportions as in 
bell metal. || 

The alloy used for the mirrors of telescopes was employed Mirror metai 
by the ancients for the composition of their mirrors. It con- 
sists of about 2 parts of copper, united to 1 part of tin. Mr. 

Mudge ascertained, that the best proportions were 32 copper 
to 14’5 of tin;*[f a specimen of a^ ancient mirror analyzed by 
Klaproth was composed of 

62 copper 
32 tin 
6 lead 


100 

But the lead he considers as accidental.** This alloy is very 
hard, of the colour of steel, and admits of a fine poli^. But 

* See Dize’s Analysis, Jour, de Phys. 1790. 
t See Watson’s Chem. Essays, iv. 127. ^ Wasso^g, i. 262. 

§ Watson’s Essays, ir. 132. ( Waaserbeig, i. 26t« 

f This is 6 atoms copper + 1 at<nn tin. 

** Phil. Mag. xvii. 294. 
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ni. besides this, there are many other compounds often used for 
the same purpose.* 

Vessels of copper, especially when used as kitchen utepsils, ’ 
are usually covered with a thin coat of tin to prevent the cop- 
per from oxidating, and to preserve the food which is prepared 
in them from being mixed with any of that poisonous metal. 
These vessels are then said to be tinned. Their interior sur- 
face is scraped very clean with an iron instnument, and rubbed 
over with sal ammoniac. The vessel is then heated, and a little 
pitch tlirown into it, and allowed to, spread on the surface- 
Then a bit of tin is applied alLover the hot copper, which 
instantly assumes a silvery whiteness. The intention of the 
previous steps of the process is to have the surface of the copper 
perfec tly p ur a and metallic ; for tin will not combine with the 
' oxide ot copper. The coat of tin, thus applied, is exceedingly 
thin. Bayen ascertained, that a pan, '^nine inches in diameter, 
and ^ |;hree inches three lines in depth, when tinned, only 
acquired an additional' weight of 21 grains. Nor is there any 
method of making the coat tliickor. More tin indeed may be 
applied, but a moderate heat melts it, and causes it to run off. 

SECTIOK VI. OF BISMUTH. 

Hiltory. The orcs of tliis metal are very few in number,f and occur 

chiefly in Germany. This, in some measure, accounts for the 
ignorance of the Greekg and Arabians, neither of whom appear 
to have been acquainted with bismuth. The German miners, 
however, seem to have distinguished it at a pretty early period, 
and to have given it the name of bumuth ; for Ag^icola, in his 
treatise entitled Bermannmy written at least as early as 1529, 
describes it under that n'une as well known in Germany, and 
considers it as a peculiar metal. The miners gave it also the 
name of tectum argenti ; and appear to have considered it as 
silver beginning to form, and not yet completed.^ Mr. Pott 
collected, in his dissertation on bismuth, every thing respecting 
it contained in the writings of the alchymists. Beecher seems 
to have been the first chemist who pointed out some of its most 

* See Wasserberg, i. 262, and Watson’s Chem. Essays, iv. 139. 

f The number of species of bismuth ores known to mineralogists are 8, 
and some of these are very rare. 

f Konig’s Regnum Minei^e, p. 80. Even so late as the end of the 17th 
century it was considered as a species of lead. There are three kinds of 
lead, says Etmuller; namely, common lead, tin, and bismuth. Bismuth 
approaches nearest to silver. EtmuUer’s Chemistry, p. 321. 
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remarkable properties. Pott’s dissertation, published in 1730, Famuy iv. 
contained an account of its habitudes with different chemi^ ‘ 
substances. Several additional facts were given by Neuman 
in his Chemistry, by Hellot and Dufay ; but Geoffrey, j\jnior, 
was the first who undertook a complete series of experiments 
on it. The first pfert of his labours was published in the 
Memoirs of the French Academy for 1753; but his death pre- 
vented the completion oT his plan. ’Chemists for some time 
v^ere disposed to consider bismuth as an alloy, but this opinion 
was gradually laid aside? Dr. John Davy, in!’1812, published 
a set of (Sireful experiments*on the compounds which bismuth 
forms with oxygen, chlorine, and* sulphur.* In 1813, Mr. 
Lagerhjelm published a set of experiments on its combinations 
with oxygen and sulphur.f 

This fhetal is but litjle used; though it enters occasionally 
into some alloys. What exists in commerce is chiefly obtained 
from native bismuth ore. The process QOitsists in merelylAelt- 
ing the metal out of its g^gue by exposing it to a moderate 
heat in contact with burning luel. The metal, as it occurs in 
commerce, is never quite pure ; but it may be rendered so by 
dissolving it in nitric acid, rendering the solution as neutral as 
possible by evaporation, and then diluting it with a good deal 
of water. A white curdy matter falls down, which must be 
well washed and dried in tlyj open air. When this matter is 
heated in a charcoal crucible, or wheil it is mixed with black 
flux and heated in a Hessian crqpible, it is reduced to pure 
metallic bismuth. 

I. Bismuth is of a reddish white colour, and almost destitute FToperUe*. 
both of taste and smell. It is composed of broad brilliant plates 
adhering to each other. • The figure of its particles, according 
to Efeuy, is an octahedron, or two four-sided pyramids, applied 
base to base.| ^ 

It is rather softer than copper. Its specific gravity is 9*822.§ 
According to Harepath, 9-83£L By cautious hammering the 
specific gravity can be made as high as 9*8827, according to 
Berzelius. 

When hammered cautiously, its density, as Muschenbroeck 
ascertained, is considerably increased. It is not, therefore, 
very brittle ; it breaks, however, when struck smartly by a ham- 
mer, and consequently is not malleable. Neither can it be 

* Phil. Trans. 1812, p. 169. t Annals of Philosophy, iv. 357. 

t Jour, de Min. An. v. p. 582. $ Brisson and Hatchett. 
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Oxide: 


drawii out into wire. Its tenadty, from the trials of Muschen- 
brbeck, appears to be such that a rod, diameter, 

is capable of sustaining a weight of nearly 29 lbs. '' 

heated to the temperature of 476°* it melts, accord- 
ii^ to Dr. Irvine j but Mr. Crichton, junior, of Glasgow, who 
made a set of very careful experiments, sbme years ago, finds 
melting point as high as 497°. 

^^hen allowed to cool slowly, and* when the liquid metal is 
withdrawn, as soon as the surface congeals, it crystallizes in 
parallelepipeds, which cross each other at right angles. 

II. When exposed to the air,*' it soon loses its lustre, but 
scarcely undergoes any other change. It is not altered when 
kept under water. . 

Whbs^ kept melted in an open vessel, its surface is soon 
covered with a dark-blue pellicle; when this is removed, 
another succeeds, till the whole metal is oxidized. When these 
pellihles are kept hot and agitated in an open vessel, they are 
soon converted into a brownish or yellowish powder. 

When bismuth is raised to a strong red heat, it takes fire 
and burns with a faint-blue flame, and emits a yellow smoke, 
as was first observed by Geoffroy. When this is collected, it 
is a yellow powder, not volatile, which has been called yellow 
oxide ofhismvth. 

When bismuth is dissolved in ^jitric acid, if water be poured 
into the solution, a white powder precipitates, which was for- 
merly called magistry of bismuth. ' This powder is used as a 
paint, under the name of pearl or fake-white. Bucholz has 
demonstrated that this powder is a compound of oxide of bis- 
muth and a little nitric acid. When this white matter is 
exposed to a red heat it is converted into pure oxide of 
bismuth. 

Oxide of bismuth (for, as far as is known, it combines with 
only one proportion of oxygen,) is a straw yellow powder, 
destitute of taste and insoluble in water; but easily soluble in 
nitric acid. In a strong red heat it melts into a dark yellow 
opaque glass, which, on cooling, assumes its original colour. 
It is soluble in caustic fixed alkaline leys, and even somewhat 
soluble in caustic ammonia. I consider the experiments which 
I have elsewhere relatedf to prove that the atomic weight of 
oxide of bismuth is 10; and as it is the only oxide, we can have 
no hesitation in considering it as a compound of 

* Irvine, Nk^lson’s Jour. ix. 4& i* First Prinqq>le8, i. 407. 
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1 atcyn bismuth ... 9 

1 atom oxygen ... 1 

10 . 

So that the atomic weight of bismuth is 9. Berzelius relying 
on the experiments t»f Lagerhjelm makes the oxide ^a com- 
pound of 

Bismuth . . . 8*871 

Oxygen ... 1 


Family IV: 
Sect. VL 


Altoic 

weight 


9*871 

But considering (for what reason does not appear) . oxide of 
bismuth as a compound of 1 atonr bismuth and 1^ afbii^ qsygeh, 
he makes the atomic weight of bismuth 13*30376. 

The specific gravity of oxide of bismuth, as determined by 
Roget and Dumas, is 8*449.* I found the specific gpraviSy of 
a portion of oxide which I had myself prepared 8*211. 

Bismuth is sometimes used in the process of cupellation 
instead of lead. It was first proposed for that purpose by 
Dufay in 1727, and his experiments were afterwards confirmed 
by Pott.f This oxide is easily reduced when heated along 
with charcoal or other combustible bodies; for the affinity 
between bismuth and oxygen is but weak. 

III. Bismuth takes fire wKen introduced into chlorine gfas, Chionde. 
and forms a chloride of bi^vth. This compound has been 
long known under the name of fiutter of bismuth. It«is 
obtained by heating bismuth with corrosive sublimate. By 
keeping it in fusion for an Jiour or tvfo, at a temperature below 
the boiling point of mercury, that nf^tal gradually subsides, 
and leaves (he chloride of bismuth pure. The chloride thus 
prepared has^ a grayish-white colour, is opaque, and of a gran- 
ular texture, though not crystallized. _ It does not sublime 
when heated to redness in a gl^s tube -^th a narrow orifice. 
According to the analysis of Dr. John Davy,:}; to whom we are 
indebted for the preceding facts, this chloride is. a compound of 
4*5 chlorine and 8*89 bismuth. It is evident from this that it 
is a compound of 


* Annals of Philosophy (2d series), iii. 392. 

f See a set of experiments on diis subject by C!haudet in the Ann. de 
Chim. et de Phys. viii. 113. 
t Phil. Trans. 1812, p. 190. 
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Bromides 


Iodide. 


Hydret 


1 atom chlorine . . » 4*5 

1 atom bismuth . . 9 


c. 13*5 

so that its atomic weight is 13*5. 

IV. For the iacts known respecting the bromide of bismuth 
we are indebted to M. Serullas. To form it we must put 
bUmuth in powder, with a great excess of bromine, into a long 
tube, shut at one extremity, and expose it to heat. Yellow 
vapours appear and condense on the sides of the tube. These 
Serullas considers as constituting a bromide containing more 
bromine than the compoui«d which remains at the bottom of the 
tube, and w^hich is a simple bromide of bismuth. It is a solid 
of a 8ti>9l-^ay colour, having the aspect of iodine fused into 
a solid mass. It fuses when heate4 to about 392°. It then 
assumes a hyacinth red colour ; but, upon being allowed to cool, 
it resumes its fornler,gray colour. When exposed to the air 
it rapidly absorbs moisture, and assumes a fine sulphur yellow 
colour. Water decomposes it into hydrobromic acid, and oxide 
of bismuth still retaining bromine. 

Bromide of bismuth may be obtained also by throwing bis- 
muth, alloyed with ;|th of its weight of arsenic, into bromine, 
contained in a tube. Combustion takes place, and two brom- 
ides are formed. By applying heat the bromide of arsenic is 
distilled over, while tlite bromide of bismuth, being by no means 
volatile, remains behind.*^ 

•V. Iodine readily combines with bismuth by the assistance 
of heat. The iodide has an orange-yellow colour; it is insoluble 
in water ; but may be dissolved in a solution of caustic potash 
without occasioning any precipitatioii. This iodide has not been 
analyzed, but there can be no doubt that it is a compound of 
1 atom iodine . . 15*75 

1 atom bismuth . . 9 


24*75 

VI. When a bismuth wire from the negative pole of a gal- 
vanic battery is plunged into water, into which a wire from the 
positive pole also dips, it soon becomes black, and is covered 
with black dendritical figures. This blabk matter is considered 
as a hydret of bismuth.t 


* Ann. de Chim. et de Phys. xxxTiii. 323. 
f Rutland; Schweiggefs Journal, xv. 417. 
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VII.* We are not acquainted with any combinations which iv. 

bismuth forms with*azote, carbon, boron, or silicon. » sect, vt 

VIIIj Bismuth cannot be easily combined with phosphorus. Kio«p*>“ret. 
Mr. Pelletier attempted to produce the phosphuret of bismuth 
by various methods without success. When he dropped phos- 
phorus, however, into cbismuth in fusion, he obtained a sub- 
stance which did not apparently differ from bismuth, but which,*^ 
when exposed to the blowpipe, gave evident signs of contain- 
ing phosphorus.* This substance, according to Pelletier, did 
not contain above four par^ in the hundred of phosphorus, and 
eVen this sp^l portion seems only to have been mechanically 
mixed. Phosphuretted hydrogen ga^ throws down bismuth in 
the state of a black powder, which yields phosphorus when 
distilled.-|- 

IX. Sulphur combines readily with bismuth by fusion. The suiphi»ct. 
sulphuret of bismuth is of d bluish-gray colour. It crystallizes 

in beautiful tetrahedral needles, which cross .each other. I| jis 
very brittle and fusible, and bears a strong resemblance to sul- 
phuret of antimony, but is rather brighter coloured. One hun- 
dred parts of bismuth, according to Wenzel's experiments, 
unite by fusion to 17*5 of sulphur. Doubtless a portion of the 
metal had remained uncombined ; for both Dr. John Davy and 
M. Lagerhjelm found this sulphuret a compound of 100 bis- 
muth and 22*43 of sulphur. M. H. Rose analyzed native bis- 
muth, which, though a very rai% mineral, .occurs both in Swe- 
den and Germany, and found it a compound of 

1 atom bismuth . ! . 9 

1 atom sulphur ... 2 

lit 

The specific gravity of tffis sulphuret, as determined by Mr. 
Harepath, is 7*591. Mohs states that of native sulphuret at 
6^549. 

X. Selenium and bismuth combine with the evolution of a Seleniet. 
small quantity of heat. The seleniet melts at a red heat. 

When cold it has the metallic lustre, a silver white colour, and 


a very crystalline texturee§ 


♦ Ann, de Chim. xiii. 30. 

t Berzelius. 

^ The result of his analysis was 


Bismuth 

80-98 

Sulphur 

18-72 


99*70 


§ Berzelius, Ann. de Chim. et de Phytt. x. 24S. 

2 R 
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Chap. III. 


Arseniet* 


Alloys. 


XL When arsenietted hydrogen gas is passed through a 
'Solution of bismuth an arseniet of bismuth is precipitated. 
When bismuth and arsenic are melted together alipost the 
whole of the arsenic makes its escape. For, according to Berg- 
man, the weight of the bismuth is only increased part. 
This )POuld constitute 'an alloy of about 

8 atoms bismuth . . 72 

1 atom arsenic . • . « . 4*75 


76*75 

XII. With tellurium and attimony bismuth cn^y be melted 
in every proportion. ^ 

XIII. The combination of bismuth and molybdenum is 
bbstracted by the volatility of the former metal. When 
they are melted together, the bismuth is drivei? off, and a 
black brittle mass remains, consistiiig chiefly of molybdenum. 
Jiscir parts of bisjnuth and one of molybdenum, being melted 
together in abed of charcoal, gave a black brittle mass, together 
with a button of bismuth, which retained a portion of molyb- 
denum. This button bore a few strokes of the hammer, but 
at length broke in pieces. Its texture was closer than bismuth, 
arid it was very fusible.* 

XIV. When 100 parts of bismuth, 50 of tungstic acid, and 
a quantity of charcoal powder, are strongly heated in a cru- 
cible, a button is obtained, which, with a few strokes of a ham- 
mer, extended itself easily, but on continuing them it split in 
pieces. This button weighed 142 grains. 

XV. Bismuth and potassium unite readily together by heat. 
Serullas obtained this 'alloy by, heating together a mixture 
of 60 parts of charred cream of tartar, 120 of bismuth, and 
1 part of nitre. The alloy thus formed was yich in potas- 
sium. When broken it enters into fusion and burns. Serul- 
las prbposes it as an excellent test to prove the dryness of 
gases. When introduced into a gas containing the least mois- 
ture it is immediately affected.f 

The other alloys of bismuth are still very imperfectly known. 
It constitutes one of the constituents of an alloy remarkable for 
its easy fusion. Tlie most remarkable of the fusible metals is 
the one first made by Rose, and composed of 
2 parts by weight of bismuth, 

1 . .of lead, 

1 . .of tin. 

f Ann. de Mines, viii. 151. 


* Crell’s Annals, iii. p. 363. 
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It meflts when heated to 200°*75. Erman made a curious set Family iv. 
of experiments on*the expansions of this metal, at different ten>- 
peratures, of which I liave given an account in a former work.* 

What^s called Newton’s fusible metal is an alloy of 
8 parts by weight of bismuth, 

5 , of lead, 

3 . . of tin. 

It melts at 212°. 

SECTION VII. OF MERCURY. 

MERcu^-vior QuicKsiLVEi^was known in the remotest ages. History. 
Indeed, as it occurs not unfrequently in a native state, it could 
not fail, at a very early period, to attract the attention of every 
person who was interested in metals. It is rather a rare metal, 
and occnrsi in the earth in only 5 different states, constituting 
5 different species of m^curial ores. Native mercury is not 
uncommon, but by far the most abundant, ore is cinnabaj^ or 
sulpluiret of mercury. 

The process followed for* obtaining mercury from cinnabar smelting pro. 
is very simple ; it is mixed with half its weight of lime, or of 
scales of iron, and distilled in an iron retort, or a kind of 
oven constructed for the purpose. The sulphur is abstracted by 
the lime, or iron, and the mercury passes over and is received 
in water. It comes over, for sale, in large iron bottles, and, 
so far as I have observed, whMe in the qriginal packages, it is 
very pure. When we want pure quicksilver for any particular 
purpose, the usual way is to* put a mixture of two parts of arti- 
ficial cinnabar and 1 part of iron filings into a stone-ware 
retort, which is fitted into a receiv^R containing water. The 
retort is then gradually heated almost»to redness. The .mer- 
cury passes over into the ^feceiver in a state of purity. 

I. The colour of mercury is white, and similar to that of silver; Properties, 
hence the names hydrargyrum, argentum vivum, quickMver, by 
which it has been known in all ages. It has no taste nor smell. 

It possesses a good deal of brilliancy ; and, when its surface is 
not tarnished, makes a very good mirror. Its specific gravity 

is 13-56at 

Mr. Crichton, junior, of Glasgow, took its specific g^vity 

• 

* On Heat and Electricity, p. 30. 

t Cavendish and Brisson. The specific gravity varies considerably like 
that of all other metals. Fahrenheit found it 13*575. (Phil. Trans. 1724. 
vol. xxxiii, 114.) Mr. Biddle found it 13*613 at the temperature of 50®. 

(Phil, Mag. XXX. 134.) 
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Chap. III. ivith uncommon care, and obtmned almost the very same^result 
" aa Lord Charles Cavendish had done. He ftjund it 13’56846. 
W'e may therefore consider 13* * * § 568 as the true specific ^avity 
of pure mercury at the temperature of 60®. When in a solid 
state its density is increased ; its specific gravity, according to 
the experiments of Schulz, being 14*391,* according to the 
ecperiments of Mr. Biddle 14*465.f 

At the common temperature of the atmosphere it is always 
in a state of fluidity. In this respect it differs from all otjier 
metals. But it becomes solid whep exposed to a sufficient 
degree of cold. The temperature necessary for freezing this 
metal is — 38°*66, as was ^certained by the experiments of Mr. 
Hutchins:}; at Hudson’s Bay. Solid mercury may be subjected 
tot the bldwe of a hammer, and may be extended without break- 
ing. Ttl 'is therefore malleable ; but neither the degree of its 
malleability, nor its ductility, nor its ‘tenacity, have been ascer- 
taipfd. 

Mercury boils wh^n heated to 656°.§ It may, therefore, 
be totally evaporated, or distilled from one vessel into another. 
It is by distillation that mercury is purified from various metal- 
lic bodies with which it is often contaminated. Tlie vapour of 
mercury is invisible and elastic like common air : like air, too, 
its elasticity is indefinitely increased by heat, so that it breaks 
through the strongest vessel. Geoffrey, at the desire of an 
alchymist, enclosed a ^quantity of it in an iron globe strongly 
secured by iron hoops, and put the apparatus into a furnace. 
Soon after the globe becaSne red hot, it burst with all the vio- 
lence of a bomb, and the whole of the mercury was dissipated. || 
The specific gravity of vapour of mercury, as determined by 
Dumas, is 6*976.^ F^om this determination, which must be 
very near the truth, it follows as a consequence that the atomic 
weight of mercury is 12*5. For the atomic weight of a gas- 
eous body multiplied by *5555 is equal to the specific gp'avity 
in the gaseous state. Now 12*5 X *5555 = 6*9747, a number 
which almost coincides with that foimd by Dumas. This is far- 

* Gehlen’s Jour. iv. 434!. f Phil. Mag. xxx. 134. 

J Phil. Trans. 1783, p. 30.3. See also Mr. Cavendish’s observations on 

Mr. Hutchins’s experiments in the same volume,^ of the Transactions. 

§ Crichton, Phil. Mag. xiv. 49. According to Heinrich the boiling point 
is 658^°. Schweigger’s Journal,!. 214. These are the numbers marked 
upon the common thermometer ; the true boiling point is 660®, as determined 
by Mr. Crichton, jun. 

H Macqueris Chemistry. T Ann. de Chim. et de Phys. xxxiii. 361. 
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ther corroborated another circmnstance. I have sho\m else- 

where* * * § that if we divide the number 0*876 by the specific heat 

of a body, the quotient will be the atomic weight of that body. 

Now the specific heat of mercury is 0*03 and ■= 12*&33» 

Mr. Smithson has pointed out a very* sensible test forwletect- Test oc 
ing the presence of mercury. If a little of any oxide or saline 
compound of mercury be pflt in a drop of muriatic acid on gold, 
together with a little tin, the gold will be amalgamated by the 
mercury, and exhibit a white spot. Quantities of mercury may 
be rendered Evident in this \i^y that could not be so by any 
other means. When we wish to discover mercury in cinnabar 
by this process, we must first boil it with sulphuric acid in a 
platinum spoon to convert it intd sulphate, and then jyoceed as 
before. I? the mercury be in the metallic state, we must place 
it in a drop of nitric acid on gold, evaporate it to dryness, and 
then add muriatic acid and tin.f 

II. Mercury is not altej-ed by being kept under water, oxides. 
When exposed to the air, its sdrface is gradually tarnished, and 
covered with a black powder, owing to its combining with the 
oxygen of the atmosphere. But this change goes on very slowly, 
unless the mercury be either heated or agitated, by shaking it, 
for instance, in a large bottle full of air. By either of these 
processes the metal is converted into an oxide : by the last, into a 
black-coloured oxide ; and by the first, into a red-coloured oxide. 

The oxides of mercury ate two in number. 

1. The suboxide was first described by Boerhaave. JHe suboxide. 
formed it by putting a little mercury into a bottle, and tying 
it to the spoke of a mill-wheel.:j: * By the constant agitation 
which it thus underwent, was converted into a black powder, 
to which he* gave the name of ethiops per se. It is a black 
powder without any of the metallic lustre, has a coppery taste, 
and is insoluble in water. When calomel is digested in an 
alkaline ley, a black powder is likewise obtained. This black 
powder has been hitherto considered as suboxide of mercury ; 
but M. Guibourt affirms that it contains globules of running 
mercury, visible by means of a glass, and even to the naked 
eye when the metal is subjected to a strong pressure.§ Mr. 

* On Heat and Electricity, p, 97. f Annals of Philosophy, iv. 128. 

t This experiment was first made by Homberg in 1699. He attached a 
bottle holding some mercury to the clapper of a mill. Martyn’s Abridg. of 

the Par. Mem.vol.i. 

§ Ann. de Chim. et de Phys. i. 422. 
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Donovan has shown that when a small quantity of calomel is 
mixed at once with a considerable quantity of potash ley the 
suboxide of mercury is obtained in a state of purity, provided 
we take care to remove the metallic globules of mercury with 
which it is mechanically mixed.* 

Various experiments "have been made* to determine the com- 
pbsition of this oxide. The most accurate appear to be those 
of Seftstrom according to whom it is a'‘compound of 
Mercury . . 100 

Oxygen . . 3*99 

We may, without any sensible error, consider it as a com- 
pound of 100 mercury -f. 4 oxygen, or of 25 mercury and 1 
, If the atom of mercury be 12*5, it is obvious that the 
sdooxide is U compound of * 

2 atoms mercury . . 25 

1 atom oxygen . . 1 

, . . • 

so that an atom of it must weigh 26. This oxide has the pro- 
perty of combining with acids and constituting salts. In this 
respect it agrees with suboxide of copper. It has a specific 
gravity, according to Harepath, of 10*69. It is very easily 
reduced to the metallic state. Indeed it almost always contains 
globules of mercury (visible under a magnifier) mixed with it. 
But when combined with an aci^ it becomes more difficult to 
decompose it. When this oxide ijS heated or boiled in water 
it t>ecomes green, being partly reduced and partly converted 
into peroxide.;]: 

2. When mercury, or its suboxide, is exposed to a heat of 
about 600°, it combinesT'with additional oxygen, assumes a red 
colour, and is converted into an oxide. This oxide may be 
formed two different w'^ays : 1. By putting a little mercury into 
a flat-boltomed glass bottle or matrass, the neck of which is 
drawn out into a very narrow tube, putting the matrass into a 
sand bath, and keeping it constantly at the boiling point. The 
height of the matrass, and the smallness of its mouth, prevents 
the mercury from making its escape, while it affords free access 
to the air. The surface of the mercury becomes gradually 
black, and then red, by combining with the oxygen of the air : 
and at the end of several weeks, the whole is converted into a 


* Annals of Philosophy, xiv. 244. 
X Donovan, Ibid. xiv. 244. 


f Ibid. iii. 355. 
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red powder, or rather into small crystals of a very deep red 
colour. The oxide, when thus obtained, was formerly called ' 
precipifate per se. 2. W^hen mercury is dissolved in nitric acid, 
evaporated to dryness, and then exposed to a graduated heat, 
it assumes a brilliant scarlet colour. The powder thus obtained 
was formerly called red precipitate.) arM possesses exactly the 
properties of the oxide obtained by the former process.* * * § 

When formed by»heat it frequently.crystallizes in regular 
octahedrons. It has an acrid and disagreeable taste, possesses 
poisonous qualities, and acts as an eScharotic when applied to 
any part o4 liie skin. Its specific gravity, according to Hare- 
path, is 11*085; but Roget and Dupaas make it ll*29.-j- It is 
said to be somewhat soluble in water. But this is probably, 
only the case when the nitrate of which it is formed lias imt 
been completely decomposed. When triturated with*mercury, 
it gives out part of its oxygen, and the mixture assumes various 
colours, according to the proportion of the jngredients. "VVJien 
heated along with zinc or tin filings, it sefls these metals on fire. 
When heated to redness it ]&e®omes black, without any change 
in its proportion of oxygen.:f According to the experiments of 
Seftstrom,§ which I consider as the most accurate, this oxide is 
composed of 100 parts mercury and 7*99 parts oxygen. We 
may therefore, without sensible error, consider it as a com- 
pound of 

1 atom mercury . ., 12*5 

1 atom oxygen . . 1 

13*5 

I have shown by experipients, wllich I consider as decisive, 
that the real atomic weight of mercury is 12*5. || 

III. Merjcury takes fire when introduced into chlorine gas chloride, 
and heated. It is capable of combining in two proportions with 
chlorine, and of forming two chlorides which have bSen long 
known. The subchloride is usually called calomel) and the 
chloride corrosive sublimate. 

It would occupy too much room to give a detail of the very 
numerous experiments that have been made upon these chlo- 

* See a description of tkc method of manufacturing this oxide, by Payssc. 

Ann. de Chim. li. 203. 

•f Annals of Philosophy (2d series), iii. 392. 
t Donovan, Annals of Philosophy, xiv. 244. 

§ Annals of Philosophy, iii. 355. 

Q Annals of Philosophy (2d series), ii. 126. 
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Chap. III. rides. Their composidon was first established by Sir Humphrey 
Davy. 

i.cbi<^de or Chloride of mercury is usually denominated corrosf.ve sub- 
umate. Hmote^ ov corrosive muriate of mercury. The original discoverer 
of it is unknown. It is mendoned by Geber, who lived in the 
7th century. The Chinese have been acquainted with it also 
for a long time.* The alchymists appear all to have been 
acquainted with it, and to have reckoned k among their secrets; 
and some of them, Albertus Magnus for instance, describe it 
with a good deal of precision. Besgman has enumerated no 
less than 14 different processestrecommended byehemists for 
preparing it ; and since (hat time several new methods have 
.been proposed. 

c The process most commonly followed is to mix together 
equal parts of dry nitrate of mercury, decrepitated common 
salt, and calcined sulphate of iron. * One-third of a matrass is 
fillejjl with this mqcture ; the vessel is placed in a sand-bath, 
and gradually heated'to redness. When the apparatus is cold, 
corrosive sublimate is found sublimed in the upper part of the 
matrass. Another process, first proposed by Kunkel, is to 
expose, in a similar vessel, a mixture of equal parts of sulphate 
of mercury and dry common salt to a strong heat : corrosive 
sublimate is equally sublimed. It may be formed likewise by 
passing chlorine gas into a solution of nitrate of mercury, and 
evaporating the solution till the ^alt crystallizes.-]- But it would 
be tiresome and useless to enumerate all the different processes. 
By far the most simple, and certainly the best for chemical 
purposes, is to dissolve the red o.ride of mercury in muriatic 
acid. The solution takes place rea.dily, and without the dis- 
engagement of any gas-; and the salt crystallizes spontane- 
ously.J 

Chloride of mercury, when obtained by sublimation, is in 
the fornf of a beautiful white semi-transparent mass, composed 
of very small prismatic needles. By evaporation, it yields 
cubes or rhomboidal prisms, or more commonly quadrangular 
prisms with their sides alternately narrower, and terminated by 
dihedral summits. $ Mr. Brooke has shewn that the primary 
form of the crystals is a right rhombic prism, the faces of which 
are inclined at angles of 93° 44' and 88® 16'. || Its specific 

* Bergman, iv. 281. | Fourcroy, v. 337. 

t Berthollet, Mem. de I’lnstit. iii. ] 36. § Bergman, iv. 295. 

U Annals of Philosophy (2d series}, vi. 285. 
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gravi^ is 5*1398.* Its taste is excessively acrid and caustic, 
and it leaves for a long time a very disagreeable styptic metal- . 
lie impression on the tongue. When swallowed, it is one of 
the most virulent poisons known, producing violent pain, nau- 
sea, and vomiting, and corroding in a very short time the sto- 
mach and intestines f According to* the experiments of Dr. 
Davy, 100 parts of water at 57“, dissolve 5*4 parts of corfo- 
sive sublimate.^: The solubility increases rapidly with the tem- 
perature. Wenzel found that water boiled over it dissolves the 
third part of its weight of«the salt.$ ‘Alcohol of specific g^vity 
0*816 dissolves at 60° half its weight; and sulphuric ether at 
the same temperature, dissolves nearly one-third of its weight. 
The specific gravity of both the alcoholic and ether solutions is 
l-08.j| ^ . . . ' . . • . 

It is s(9luble in muriatic acid, but insoluble in sulphuric and 
nitric acids. It is decomposed by the fixed alkalies, and oxide of 
mercury precipitated of a yellow colour, which soon becomes a 
brick-red. This decomposition renders corrosive sublimate a 
useful test for ascertaining tlife presence of alkalies in solution. 
If liquid sublimate be dropped into a solution containing the 
smallest portion of alkali, the brick-red precipitate appears. 
The alkaline earths also decompose this salt. Several of the 
metals, or their sulphurets, decompose it also by the assistance 
of heat. This is the ctise in particular with arsenic, bismuth, 
antimony, and tin. These metals unite with the chlorine, and 
separate the mercury whiph combines with sulphur if it be 
present. 

M. H. Rose has ascertained that the white precipitate which 
appears when a current of. sulphuretted hydrogen gas is passed 
through an aqueous solution of corrdbive sublimate, is a com- 
pound of . 


Mercury 

• 

• 

81*80 

Chlorine 

• 

• 

9*53 

Sulphur 


• 

8*67 

100*0011 


* Hasseniraf^. Ann. de Chim. xxviii. 12. 

•|- Hence it was called by the alchymists the dragon. 
t Phil. Trans. 1822, p. 358. 

§ Verwandtschaft, p. 310. 

II Dr. Davy, Phil. Trans. 1822, p. 358. 
f Ann. de Ohim. ct de Phys. xl. 46. 
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Chap 111. 


Subchloridc 
or calomel. 


This is nearly equivalent to , 

3 atoms mercury . . 37*5 

1 atom chlorine . . 4*5 

2 atoms sulphur . . 4 

♦ 46*0 

We may therefore consider it as a compound of 
2 atoms sulphuret of mercufy, 

1 atom chloride of mercury. 

M. Bonsdorf has shewn that corrosive sublimate possesses the 
properties of an acid, and that it fe capable of uniting* with the 
chlorides of the alkalifiablerbases, and forming with them salts. 
The nature and properties of these new salts will come under 
ouf consideration in a subsequent part of this work. 

I have shewn by experiments which appear to me" decisive, 
that this chloride is a compound of 

1 atom* chlorine . . 4*5 

1 atom mercury . . 12*5 


17 

Hence its atomic weight is 17. 

2. Subchloride of mercury is usually distinguished by the 
names of calomel and mercurius dulcis. I am ignorant who the 
original discoverer of it was. It seems to have been prepared 
by the alchymists ; yet Crollius, so late as the beginning of the 
17th century, speaks of it as a gran/i secret and mystery : but 
•Begiiin made the process public in 1608 in his Tirocinium 
Chemicum, in which he describes the salt under the name of 
draco mitigatus.* It appears from therf»bservations of Mr. What- 
ton,-|' that the terms cahrtnelas and rnefcurius calomelanius, was 
first used by Sir Theodore Turquet de Mayennes a French 
physician, who was born in 1572, who settled in England in 
1616, where he was physician to James I. and Charles I., and 
died in Chelsea in 1655. had been proscribed by the 

Faculty of Medicine of Paris, because he had made use of 
antimonial medicines, contrary to their express prohibition. 

The processes for preparing it, which are numerous, have 
been described by Bergman. The most usual is to triturate 
four parts of chloride of mercury with thl*ee parts of running 

• It has been known also by a variety of otlier names ; such as, sttblima- 
tum dulce, aqidla alba, aquila niitigata, manna nielaUorum, panchymogogum 
mineralc, panchymogogm quercefanus. 

t Annals of Philosophy (2d series), ii. 427. 
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mercury in a gl^s mortar, till the mercury is killed^ as the 
apothecaries term it ; that is to say, till no globules of the metal 
can ba perceived; and the whole is converted into a homoge- 
neous mass. This mixture is put into a matrass, and exposed 
to a sufficient heat in a sand bath. The dichloride is sublimed ; 
mixed, however, usually with a little chloride, which is either 
removed by repeated sublimations and triturations, or by wash- 
ing the salt well with wafer. 

Tt may be prepared also in the humid way, by a process first 
suggested by Scheele, bift correctecf by Mr. Chenevix. 

Scheelifs* method is to forifti a nitrate of mercury by dissolv- 
ing as much mercury as possible ii> a given quantity of boil- 
ing nitric acid. A quantity of common salt, equal to half the 
weight of the mercury used, is flien dissolved in iJbiling water, 
and the b*oiling nitrate is cautiously poured into it. A white 
precipitate falls, which is to be edulcorated with water till the 
liquid comes off without any taste, and the» dried upon a liiter.* 
Chenevix has shown that jn order to obtain the subchloride 
by this process quite free froA all mixture of subnitrate, it is 
necessary to mix the solution of common salt with some muri- 
atic acid. 

Subchloride of mercury is usually in the state of a dull white 
mass ; but when slowly sublimed, it crystallizes in four-sided 
prisms, terminated by pyramids. From the observations of Mr. 
Brooke it appears that the primary form »f the crystal is a square 
prism, the terminal angle,s and edges of which are usually 
replaced by faces.f It is tasteless, does not act as a poigon, 
but possesses the properties of a purgative. It is by far the 
most important and usefuUof all tlie mercurial preparations in 
a medicinal point of vigw. Its specific gravity is 7’1756^ 
according te Hassenfratz. In cold water it is not sensibly solu- 
ble. Roue lie found it soluble in 1152 parts of boiling water. 
But from the experiments of Vogel it would appeal’ that it 
undergoes a kind of decomposition when water is boiled on it. 
The portion dissolved has been probably converted into corro- 
sive sublimate.^ 

When exposed to the air, it gradually becomes deeper 
coloured. When rubbed in the dark, it phosphoresces, as 
Scheele discovered. * A stronger heat is required to sublime it 
than is necessary for the sublimation of perchloride. Chlorine 

* Scheele, i. 221. 

•f' Annals of Philosophy (2d series}, vi. 283. 

X Schwcigger’s Jahrbuch, iii. 293. 
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Chap. III. 


Bromides.^ 


Iodides. 


gas converts it into chloride ; and the same cl^ange is produced 
by subliming it with one part of common salt and two parts of 
sulphate of iron. Nitric acid dissolves it readily, and < much 
nitrous gas is evolved, as Berthollet has shown, and the salt is 
converted into a chloride. 

Though the analyses of calomel by' Zaboada, Chenevix, 
Sfromeyer, Proust, and myself are not quite accurate, yet they 
leave no doubt that it is a compound of ^ 

2 atoms mercury . . 25 

1 atom chlorine * 4*5 


29*5 

so that its, atomic weight is 29*5. It is analogous to the sub- 
oxide of mercury. *■ 

IV. M. Balard has shewn that mercury and broriiuie com- 
bine in two proportions, forming two bromides analogous to the 
chlorides. ^ 

1. When an alkaline hydrobrom/ite is mixed with a solution 
of protonitrate of mercury, a white precipitate falls analogous 
to calomel, and doubtless a compound of 

1 atom bromine . . 10 

2 atoms mercury . . 25 

35 

2. When bromine and mercury are placed in contact, they 
readily combine, heat being evolved ; but no light. The bro- 
mide produced is a white matter, which may be sublimed by 
heat, and which is soluble in water and in alcohol, and very 
soluble in ether. Alkalies throw down a red or yellow preci- 
pitate from its aqueous sblution. When treated with nitric or 
sulphuric acid, it gives out vapours of bromine.* Its constitu- 
ents are 

‘ 1 atom bromine . . 10 

1 atom mercury , . . 12*5 

22-5 

V. Iodine combines readily with mercury. Nothing more 
is necessary than to place the two bodies in contact. They 
speedily unite. Iodide of mercury is foAned likewise when a 
hydriodate is dropped into a solution of mercury in an acid. 
According to Gay-Lussac there are two iodides of mercury. 

* Balard, Ann. de Chini. et de Phys. xxxii 360. 
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The Suhiodide has a yellow colour, the iodide is a beautiful red, 

which may be enSployed as a paint. They are both insoluble ! 

in water. They are decomposed by nitric acid. Gay-Lussac 
has shWn that the subiodide is a compound of 

1 atom iodine . . 16*75 

2 atoms mercury . « . 25 


40*75 

ar)|^ the iodide of 

1 atom iodinp . . 15*75 

• 1 atom mercury, . . 12*5 


28*25 

VI. Mr. Pelletier, after severjd unsuccessful attempts to com- Pho»phuret. 
bine {)hoji^horus and mercury, at last succeeded by distilling a 
mixture of red oxide of mercury and phosphorus. Part of the 
phosphorus combined with the oxygen of^the oxide, an^^was 
converted into an acid; the rest combined with the mercury. 

He observed, that the meVcury was converted into a black 
powder before it combined with the phosphorus. On making 
the experiment, I found that phosphorus combines very readily 
with the black oxide of mercury, when melted along with it in 
a retort filled with hydrogen gas to prevent the combustion of 
the phosphorus. Phosphuret of mercury is of a black colour, 
of a pretty solid consistence,* and capable of being cut with a 
knife. When exposed to the air, it exhales vapours of phos- 
phorus.* 

VII. Mercury combines with two proportions of sulphur,*and suiphureu. 
forms two sulphurets. The disyjij^iuret is black, but the sul- 
phuret is red. 

1 . When two parts hf sulphur and one of mercury are u*«uiphu. 
triturated together in a morUir, the mercury gradually disap- 
pears, and the whole assumes the form of a black powder, for- 
merly called ethiops mineral. It is scarcely possible by this 
process to combine the sulphur dnd mercury so completely, that 
small globules of the metal may not be detected by a microscope. 

When mercury is added slowly to its own weight of melted 
sulphur, and the mixture is constantly stirred, the same black 
compound is formed. It may be obtained very readily likewise 
by passing a current of sulphuretted hydrogen gjas through an 
acid solution of mercury. The black sulphuret is precipitated 


* Ann. de Chim. xiii. 122 . 
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cai«p. Ill abundantly. According to Guibourt running mercury n4ay be 
pressed out of the sulphuret prepared in this ’way.* This sul- 
. phuret, according to Guibourt, is a compound of 25 mercury and 
2-05 sulphur. Hence it obviously consists of 

1 atom sulphur . . 2 

2 atoms mercury . • 25 

. 27 

This disulphuret is thrown down when a current of sulphurettr^d 
hydrogen is passed through a solution pf protonitrate of mercury. 

2 . Sulphuret. 2. When ethiops mineral is heyted red-hot, it sublpnes ; and 
if a proper vessel be placed to receive it, a cake is obtained of 
it fine red colour. This cake was formerly called cinnabar; 
an\l when retluced to a fine pov'der, is well known in commerce 
under the name of verm,ilion.\ 

This sulphuret of mercury has a sckrlet colour, more or less 
beautiful, according, to the mode of preparing it. Its specific 
gravity is about 10. It is tasteless, insoluble in water, and in 
muriatic acid, and not altered by* exposure to the air. When 
heated sufficiently, it takes fire, and burns with a blue flame. 
When mixed with half its weight of iron filings, and distilled 
in a stone-ware retort, the sulphur combines with the iron, and 
the mercury passes into the receiver, wliicli ought to contain 
water. By this process mercury may be obtained in a state of 
purity. The use of tl^is sulphurt-t of mercury as a paint is well 
known.:|; 

Cinnabar may be prepared by various other processes. One 
of the simplest of these is the following, discovered by Mr. 
Kirchoff. When 300 gntins of m^ercury and 68 of sulphur, 
with a few drops of solution of potash to moisten tliem, are tri- 
turated for some time in a porcelain cup by means of a glass pestle, 
ethiops mineral is produced. Add to this 160 grains of potash 
dissolved'ln as much water. Heat the vessel containing the ingre- 
dients over the flame of a candle, and continue the trituration 
without interruption during the heating. In proportion as the 

* Ann. de Chim. et de Phys. i. 424. 

•I- The word vermilion is derived from the French word vermeil^ which 
comes from vermiculus, or vermiculum : names gjven in the middle ages to 
the kermes or coccus illicis, well known as a red dye. Vermilion originally 
signihed the red dye of the kermes. See Beckman’s History of Discover- 
ies, ii. 180. 

J See a description of the process of making it by Paysse, Ann. dc Chim. 
li. 196; and by Tuckert, ibid. iv. 25. 
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liquift evaporates, add clear water from time to time, so that 
the oxide may he constantly covered to the depth of near .an 
inch.^ The trituration must be continued about two hours ; at . 
the end of which time the mixture begins to change from its 
original black colour to a brown, which usually happens "when 
a large part of the fluid is evaporated. It then passes very 
rapidly to a red. No more water is to be added ; but the tri- 
turation is to be continued without iijterruption. When the 
nwss has acquired the consistence of a jelly, the red colour 
becomes more and morq bright, with an incredible degree of 
quickness • The instant tlv^ colour has acquired its utmost 
beauty, the heat must be withdra^^n, otherwise the red passes 
to a dirty brown. Count de Moussin Pouschkin has discovered, 
that its passing to a brown colour may be prevented by biking 
it from the fire as soon as it has acquired a red colour, and 
]>lacing it for two or tlfree days in a gentle heat, taking care 
to add a few drops of water, and to agifj^te the mixturg^from 
time to time. During this exposure the red colour gradually 
improves, and at last becomes excellent. He discovered also, 
that when this sulphuret is exposed to a strong heat, it becomes 
instantly brown, and then passes into a dark violet ; when taken 
from the fire, it passes instantly to a beautiful carmine red.* 
Guibourt has shown that cinnabar is a compound of 25 mercury 
and 4 sulphur.f Hence it obviously consists of 
1 atom sulphur* . 2 

1 atom mercury . . 12*5 • 


14*5 

VHI. When selenium and merpiAy are heated together, they Seleniet. 
unite without the evolution of any light. If there be an excess 
of mercury, it is easily driven off by distillation. The seleniet 
is a tin-white coherent mass. It does not melt, but sublimes, 
when heated, in white plates, which have the metaSic lustre. 

It is scarcely attacked by nitric acid. • By long continued boil- 
ing in that acid, however, it is at length converted into seleniate 
of mercury. When muriatic acid is poured upon this white 
powder, it dissolves the mercury brought to the state of peroxide 
at the expense of the selenic acid, and selenium remains in the 
state of a red powder^ Nitro-muriatic acid dissolves this seleniet 
with great rapidity, even without the assistance of heat.J 

* Nicholson’s Journal, ii. 1. f Ann. de Chim. et de Phys. i. 425. 

t Berzelius, ibid. x. 247. 
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Chap. iiL IX. Mercury may be amalgamated with arsenic by keeping 
them for some hours over the fire, constantly agitating the mix- 
ture. The amalgam is gray-coloured, and composed of 6 parts 
of mercury and 1 of arsenic.* This approaches 

2 atoms mercjiry . . 25 

1 atom arsenic . . 4*75 

‘ 29-75 

X. Mercury may be amalgamated with tellurium by tritu- 
ration. „ „ 

A n tim»n w . Pott first obscrvcd that antimony, reduced from its sul- 

phuret by means of iron and chalk, unites readily with mercury 
by xtrituratioih- Antimony may.be easily amalgamated by pour- 
ing it while in fusion into mercury almost boiling hot.f When 
3 parts of mercury are mixed in this, manner with 1 part of 
melted antimony, a ^oft amalgam is obtained, which very soon 
decomposes of itself.^ Gellert also succeeded in forming this 
amalgam.§ , 

XII. The attempts to combine mercury with chromium, 
molybdenum, tungsten, and titanium, have been unsuccessful. 

Amalgams. Xlll. Mercury may be readily amalgamated with potas- 
sium and sodium, either by heat or by simply placing the tw'o 
bodies in contact. Considerable heat is evolved during the 
combination. The amalgam is siftlid, unless the proportion of 
potassium or sodium be very small. It crystallizes and has a 
white colour like that of mercury. ' The potassium or sodium 
is speedily converted into alkali in the open air or under 
water. II >• .. 

XIV. Mercury has bef.n amalgamated with the metallic bases 
of the alkaline earths, by Seebeck, Bferzelius, and Davy. But 
these amalgams have not been examined. 

W^e ai>e unacquainted with the compounds which mercury 
is capable of forming with the bases of the earths proper. 

XV. Iron is not acted on b^ mercury : accordingly this last 
metal is usually kept in vessels of iron. Mr. Arthur Aiken, 
however, has shown that these two metals may be combined 
together. To form an amalgam of iron, he triturates together 
iron filings and the amalgam of the metal called zinc, and adds 
to the mixture a solution of iron in muriatic acid. By kneading 

* Bei^an, ii. 281. Lewis, Neuman’s Chem. p. 131. 

I Wallerius. § Metall. Chem. p. 141. 

y Gay-Lussac and Thenard ; Recherches Physico-chimiques, i. 222. 
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this ij^xture, and heating it, thedron and mercury which com- 
bine together gradually assume the metallic lustre.* * * § 

X\I. Mercury does not combine with nickel, or cobalt, or 
manganese. We are ignorant of the action of this metal on 
cerium and uranium. 

Dr. Blainyille has observed that when iron, nickel, or cobalt 
are previously alloyed with arsenic, the alloy very readily 
amalgamates with mercury .f 

WXVII. The amalgam of zinc was examined by Malouin. 
According to him, it is formed most readily by pouring mercury 
upon zinc^ heated so as to char paper, but not to burn it. Its 
consistence varies with the proportion of zinc. Eight parts 
zinc, and 1 mercury, form a white very brittle compound. One 
zinc and 2^ mercury form an alloy, which, when ' melted and 
cooled slowdy, crystallizes. This amalgam is used to promote 
the excitement of electric machines.^: 

XVIII. Mercury dissolves cadmium with the greatest facility, 
even without the assistance of heat. The amalgam has a silver- 
white colour, and crystallizes in octahedrons. Its specific gravity 
is greater than that of mercury. It melts when put into water 
of the temperature 167“. This amalgam is composed of 
Mercury . . 100 . . 25 

Cadmium . . 27-7778 . . 6-94445 

Now 25 is the weight of 2 atoms of mercury, and 7 of an atom 
of cadmium. It is obvious therefore that.the amalgiim is a com- 
pound of 2 atoms mercury ^ 1 atom cadmium,^ 

XIX. Mercury combines readily with bismuth, either Jby 
triturating the metals together, or by pouring 2 parts of hot 
mercury into 1 part of melted bismuth. This amalgam is at 
first soft, but it becomes gradually ha.’d. When melted and 
cooled slowly, it crystallizes. 

When the quantity of mercury exceeds the bismuth consider- 
ably, the amalgam remains fluid, and has the property of dis- 
solving lead, and rendering it also fluid.* This curious fact was 
first described by Beecher, who aflSrmed that a mixture of 3 
parts mercury, 1 lead, and 1 bismuth, form a perfectly fluid 
amalgam. This triple compound may be filtered through shamois 
leather without decomposition. Mercury is sometimes adul- 
terated with these metals ; but the imposition may be easily 
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* Phil. Mag. xiii..4I6. t Jour, de Phys. Ixxxiv. 267. 

I It was first recommended for that purpose by Dr. Higgins. See Phil. 

Trans. 1778, p. 861. 

§ Stromeyer ; Gilbert’s Annalen, lx. 209. 

I. 2 s 
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Chap. III. detected, not only by the specific gravity of the mercury, Vhich 
i^ too small, but because it drags ataily as ttiie workmen say; 
that is, when a drop of it is agitated on a plain surface, tlve drop 
does not remain spherical, but part of it adheres to the surface, 
as i^ it were not completely fluid, or as if it were enclosed in a 
thin pellicle. This amal^m is used hot for silvering glass balls. 

* XX. Mercury amalgamates readily with lead in any pro- 
portion, either by triturating with Itfad fililigs, or by pouring it 
upon melted lead. The amalgam is white and brilliant, Jfad 
when the quantity of lead is sufficient, assumes a solid form. It 
is capable of crystallizing. The trystals are composed of 1 part 
of lead and li of mercury 

XXI. .Mercury dissolves tin very readily cold; and these 
metals mqy te combined in any proportion by pouring mercury 
into melted tin. The amalgam of tin, when composed of 3 
parts of mercury and 1 of tin, crystallizes in the form of cubes, 
acc«r»'ding to Daubeaton : but, according to Sage, in gray bril- 
liant square plates, thin towards th^ edges, and attached to each 
other, so that the cavities betweVjn them are polygonal. 

This alloy is used in silvering the backs of looking-glasses. 
A sheet of tinfoil is spread upon a table, and mercury rubbed 
upon it with a hare’s foot, till the two metals incorporate; then 
a plate of glass is slid over it, and kept down with weights. 
The excess of mercury is driven off, and in a short time the 
tinfoil adheres to the glass and converts it into a mirror.f 

XXII. Mercury acts but feebly upon copper, and does not 
diseolve it while cold ; but if a small stream of melted copper 
be cautiously poured into mercuiy heated nearly to the boiling 
point, the two metals combine and form a soft white amalgam.:^ 
Boyle pointed out the following method, which succeeds very 
well : triturate together 2 parts of mercury, 2^ parts of verdi- 
gris, an^ 1 part of common salt, with some acetous acid, and 
keep them for some time over a moderate fire, stirring them 
constantly, and supplying aci^ as it evaporates ; then wash the 
amalgam and pour it into a mould ; it is at first nearly fluid, 
but in a few hours it crystallizes- and becomes quite solid. § 
This amalgam may be formed also by keeping plates of copper 

in a solution of mercury in nitric acid. This plate is soon 

€ 

* Dijon Academicians* 

f See Watson’s Chem. Essays, p. 240. Dr. Watson has rendered it pro- 
bable that the art of forming mirrors by coating glass with a plate of metal 
was known at least as early as the first century. 

J Lewis, Neuman’s Chem. p. 65. 5 Shaw’s Boyle, i. 343. 
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impi^gnated with mercury. The amalgam of copper is of a 
white colour, an<i so soft'at first that it takes the most delicate 
impressions ; but it soon becomes harder when exposed to the ' 
air. It is easily decomposed by heat ; the mercury evaporates, 
and leaves the copper. 

SECTION VIII. OF SILVER. 

Silver seems to*have Ibeen known'almost as early as gold ; Hittor;. 
afid doubtless for the same reason ; because it occurs very fre- 
quently native, and reqmres no very high temperature to melt 
it. \\^erftid mention made^of it in the book of Job, which is 
probably the oldest of the books contained in the Old Testament. 

The ores of silver which have been examined and described 
by mineralogists, amount to 17 species. But by fjj,r the most 
abundanf of them are native silver and sulphuret of silver. 

A considerable quantity of silver is extracted from lead by how obtain, 
cupellation, as was described when treating of lead. . Thismilver “*• 
is very pure ; the only foreign body not separated by the cupel- 
lation is gold. But gold ocfiurs very rarely in lead ores, and is 
not likely therefore to be present. From those mines which 
contain native silver interspersed in stony matter, it is extracted 
by reducing the matter to powder and then mixing it with 
mercury in a kind of barrels along with water, the whole being 
agitated by machinery. B;^ this means the silver is dissolved 
in the mercury, which is separated and distilled in proper ves- 
sels. The mercury passe§ over, and the silver remains behind. 

When the silver is in combination with sulphur tlie ore is 
mixed with common salt and roasted, by which process it is 
converted into chloride .of silver* and sulphuret of sodium. 

Then water and iron arg added, to g^t rid of the chlorine, and 
the silver thus disengaged is finally dissolved in mercury, and 
the amalgam treated as above mentioned. ^ 

When chemists wish to obtain pure silver for any particular 
purpose, they dissolve the silj^er of commerce in pure nitric 
acid, and throw it down from the solution by common salt. 

The precipitate must be well washed with boiling water and 
then dried. Put into a crucible twice as much potash as you 
have chloride of silver to reduce. Bring the potash to a state 
of complete fusion, smd then introduce the chloride of silver by 
a little at a time, and it will be reduced. When the whole 
silver has been reduced, raise the heat sufficiently to melt it 
into a button, and then, when all is cold, wash off the potash. 
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tawp. 111. and the silver will be found in a mass at tl|e bottom o^ the 
crucible. * 

’ rropertiei. I, Silver is a metal of a fine white colour with a shade of 
yelloiy, without either taste or smell; and in point of brilliancy 
is inferior to none of the metallic bodies, if we except polished 
steel. lie is softer than copper, but harder than gold. When 
melted, its specific gravity is 10*474; * when hammered 10*5 lO.t 
In malleability it is Inferior to n*bne of the metals, if we 
except gold. It may be beat out into leaves only tctjuo o 
thick. Its ductility is equally remarkable : it may be drawn 
out into a wire much finer than a^human hair; so fims indeed, 
that a single grain of silver may be extended about 400 feet in 
length. Its j:enacity is such, that a wire of silver 0*078 inch 
in diameter is capable of supporting a weight of 187*13 lbs. 
avoirdupois without breaking.^ 

Silver melts when it is heated completely red hot ; and 
whil^'lnelted its brilliancy is much increased. According to 
the calculation of Mortimer and Bergman, its fusing point is 
1000® of Fahrenheit. But Mr. Princep found, by experiment, 
that the temperature at which silver melts, measured by an air 
thermometer, is 1830°. If the heat be increased after the 
silver is melted, the liquid metal boils, and may be volatilized ; 
but a very strong and long-continued heat is necessary. Gasto 
Clave us kept an ounce of silver mplted in a glass-house furnace 
for two months, and found, by weighing it, that it had sus- 
tained a loss of Tgth of its weigh t.§ Vauquelin, however, 
found that when placed upon charcoal, urged by a current of 
oxygen gas, the silver was volatilized in a visible smoke. || 
When cooled slowly, its Surface exhibits the appearance of 
crystals ; and if the liquid part of th*? metal be poured out as 
soon as the surface congeals, pretty large crystals of silver may 
be obtained. By this method Tillet and Mongez, junior, 
obtained it in four-sided pyramids, both insulated and in groups. 

Oxides. II. Silver is not oxidized by exposure to the air : it gra- 

* Brisson and Hatchett. Fahrenheit found it 10*4.81. (Phil. Trans. 
1724, vol. xxxiii. p. 114.) I found pure silver melted and slowly cooled of 
the specific gravity 10*3946; when hammered it became 10*4177; when 
rolled out into a plate it became 10*4812. Nicholson’s Jour. xiv. 397. 

f According to Brisson. Muschenbroeck found the specific gravity of 
hammered silver 10*500. Or. Lewis makes it no less than 10*980. (Phil. 
Com. p. 549.) 

Ann. de Chim. xxv. 9. 

§ Theatnim Chem. ii. 17. H Ann. de Chim. Ixxxix. 239. 
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duall!^ indeed loses its lustre, and becomes tarnished ; but this 
is owing to a different qause. Neither is it altered by bewg 
kept under water. But if it be kept for a long time melted 
in an open vessel, it gradually attracts oxygen from the atmo- 
sphere, and is converted into an oxide. This experimeflt was 
first made by Junker, who converted a quantity of silver into 
a vi triform oxide.* It was afterwards confirmed by Macquer 
and Darcet. Macquer, J>y exposing, silver 20 times succes- 
swely to the heat of a porcelain furnace, obtained a glassf of 
an olive green colour.^. Nay, if ihe heat be suflScient, the 
silver evqito takes fire, and bjirns like other combustible bodies. 
Van Marum made electric sparks from his powerful Teylerian 
machine pass through a silver wire ; the wire exhibited a 
greenish white flame, and was <dissipated into snfoke. Before 
a stream* of oxygen and hydrogen gas, it burns rajfidly with a 
light green flame. By* means of the galvanic battery it may 
be burnt with great brilliancy. , 

Mr. Chevillot has shown that wheir silver is kept for some 
time in a state of fusion, ifi tlie open air, and then poured into 
water, it gives out a little oxygen gas. If it be alloyed with 
copper this evolution of oxygen does not take place.§ 

From the experiments of Ritter and Faraday, it would 
appear that, besides the common brown oxide of silver, which 
constitutes the basis of the salts of silver, there exist two other 
oxides not capable of uniting; with aci^s, one of which is a sub- 
oxide, and the other a superoxide. 

1. When silver is dissolved iif nitric acid, and an alkali 
dropt into the solution, a brown coloured precipitate falls in 
flocks, which, when washed and di^sd, constitutes tlie oxide of 
silver. Its colour is grayish brown, and it becomes darker 
when drie^. Its specifi? gravity, as determined by Mr. Hare- 
path, is 7*143. From the experiments of Gay-Lussac and 
Thenard, it appears that this oxide does not combine with 
water nor form a hydrate. W^hen exposed to the direct rays 
of the sun it gives out oxygen gas, and is converted into a 
black powder, the nature of which has not been examined. 
Whether it be soluble in fixed alkaline leys has not been ascer- 
tained. But when digested in caustic ammonia it is partly dis- 
• 

* Junker’s Conspectus Chem. i. 887. 

•f Metallic oxides, after fusion, are called glass, because they acquire a 
good deal of resemblance, in some particulars, to common glass. 

t Macquer’s Dictionary, ii. 571. 

§ Ann. de Chim. et de Phys. xiii* 299. 
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Chap. III. 


Suboxide. 


solved, while a black powder remains, constituting 
silver. From the experiments of BKcholz it would appear to 
be slightly soluble in barytes water. ^ 

From a very careful set of experiments on nitrate of silver, 
I haVb satisfied myself that the atomic weight of this oxide is 
14*75. ,Now, as it is the only oxide that unites with acids, 
there is reason to consider it as a compound of 

1 atom silver . ' . 13*75 

1 atom oxygen . . 1 


14*75 

According to this supposition, the atomic weight of silver is 
13-75. ‘ • 

The result of Berzelius’s analysis of this oxide is that it is a 
compound of 93*1 12 silver and 6*888 oxygen. He has there- 
fore ^jed upon 13*5 J.607 as the atomic weight of silver. With 
this result the experiments of Gay-Lussac and Davy nearly 
coincide ; while those of Rose, Proust, and Bucholz, approach 
very nearly to mine. The difference between 13*5 and 13*75 
is so small that it is not easy to determine accurately between 
them. 

2. When oxide of silver is dissolved in ammonia and the 
solution left exposed to the open air, it is soon covered with a 
brilliant pellicle. If t^is be renioved another soon succeeds, 
and the process goes on till almost all the oxide of silver has 
undergone the change in question. When this matter is viewed 
by reflected light its colour is gpray, and it is very brilliant ; 
by transmitted light it appears of a bright brown. When sud- 
denly heated it melts, gives out oxygen, and leaves a button 
of silver. Mr. Faraday, who first turned his attention to this 
brilliant pellicle, analyzed a quantity of it by exposing it to 
heat and L'ollecting the oxygen gas evolved. By this process 
he resolved it into 

7*5 oxygen and about 150 silver. 

While in a comparative experiment he reduced the common 
oxide of silver into 

7*5 oxygen and 101*6 of silver. 

It is obvious that if we suppose the silver to be identical in 
the two oxides, the oxygen in the common oxide will be to 
that in the brilliant pellicle, as the numbers 3 to 2. So that 
if the first contain 1 atom oxygen, the second will contain |ds 
of an atom. Or we may view the pellicle as a compound of 
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lA atom silver . . 20*625 

* Sl0Ct^ V XIJU 

1 sftom oxygen . . 1 

21*625* 

It is therefore a suboxide of silver. We have no evidence that 
this suboxide is capable of uniting with acids and forming salts. 

3. The superoxide of silver was discovered- by Ritter.-f superoxwe. 
When a platinum , wire £'om the passive extremity of a gal- 
vanic battery is plunged into a weak solution of nitrate of silver, 
soon after the circuit is completed «mall crystals about 3 or 4 
lines in ^e«gth, and very brilliant, appear on the platinum 
wire. * These crystals, according to Grothuss, have the form 
of octahedrons. Their colour is iron black. When held to 
the flame of a candle they detonate and leave metallic silwr. 

Whdn put into muriatic acid chlorine is evolvec^ and they 
are instantly converted* into chloride of silver. When dis- 
solved in ammonia, azotic gas is evolved, apd they are converted 
into common oxide of silver. W^hen* digested in phosphoric 
and sulphuric acids, oxygdVi gas is evolved, and common phos- 
phate and sulphate of silver formed. These facts, for which 
we are indebted to Ritter, render it exceedingly probable that 
this oxide contains more oxygen than the common oxide. But 
the subject requires farther investigation ; and it is to draw the 
attention of chemists to it that I mention it here. 

III. Silver does not burrf when heated in chlorine gasj but cuorida 
it gradually absorbs the gas, and is converted into the well 
known compound called formerly ‘Aom silver ^ and more lately 
distinguished by the name of muriate of silver. Sir H. l)avy 

first showed that it is a cMaride <f silver. 

This chloride is easily obtained by dissolving silver in nitric 
acid, and piixing the solution with a solution of common salt. 

A copious curdy precipitate fells. When this precipitate is 
washed and dried it constitutes pure chloride of silvef. Its spe- 
cific gravity, as determined by Mr. Harepath, is 5*129. The 
specific gravity of native chlA:ide of silver, as determined by 
Mohs, is 5*552. It may be crystallized in octahedrons. 

This chloride is one of the most insoluble substances known : 
according to Monnet it requires no less than 3072 parts of 
water to dissolve iU When exposed to the air, it gradually 
acquires a purple colour. When exposed to a heat of about 
500®, it melts, and assumes, on cooling, the form of a gray- 


* Faraday, Journal of Science, iv. 268. f Gehlen’s Journal, iii. 563. 
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coloured semitransparent mass, having” some resembla»ice to 
hprn, and for that reason called hma cormd. A strong heat 
sublimes it, as MargralF ascertained.* When lieated strongly 
in an earthen crucible, it passes through altogether, and is lost 
in the fire; but •when mixed with about four times its weight 
of fixed^ alkali, formed into a ball with a little water, and melted 
rapidly in a crucible well lined with aUcali, the silver is reduced, 
and obtained in a stal'.e of purity^ Considerable caution is 
necessary in conducting this experiment. The easiest ■way of 
obtaining the silver is, bj boiling ^he chloride in an iron pot 
with water and pieces of iron. f)r we may adopt tjie process 
recommended by Gay-Lussac, which consists in putting the 
chloride into a vessel of zinc or cast-iron, along with a little 
water. If the vessel be clean .the decomposition takes place of 
itself in a Sihort time, with a considerable increase of item'pera- 
ture. If the zinc or iron be not clean it may be necessary to 
add a. little muriatic, or sulphuric acid. These acids are always 
necessary to wash the ceduced silver.f 

The chloride of silver is soluble in ammonia. The alkaline 
carbonates decompose it, but not the pure alkalies ; neither is 
it decomposed by any of the acids. Several of the metals, 
when fused along with it, separate the silver in its metallic 
state ; but it is always alloyed with a little of the metal employed. 
Copper, iron, lead, tin, zinc, antimony, and bismuth, have been 
used for that purpose.:};^ If the solution of this salt in ammonia 
be mixed with running mercury, the silver gradually separates, 
combines with the mercury*, and forms the crystals usually dis- 
tinguished by the name of arbor Dian^. MargraflF recom- 
mends this amalgamation as Jjhe best method of procuring pure 
silver. This salt dissolvgts in muriatic acid, and by that means 
may be obtained in octahedral crystals. ^Tien the ammonia- 
cal solution of this salt is heatod, fulminating silver is precipi- 
tated.§ I'Jl substances containing hydrogen have the property 
of removing the chlorine, but no other bodies. 

Considerable pains have beeA taken to ascertain the consti- 
tuents of this chloride correctly, because it is by means of it 
that the different muriates are analyzed. There cannot be a 
doubt that it is a compound of 1 atom silver and 1 atom chlo- 
rine. Hence the weight of constituents urill depend upon the 

* Opuflc. i. 265. Proust affirms that this sublimation stops after the salt 
is in complete fusion. 

•f Ann. de Chim. et de Phys. xiv. 319. 

. t Margraff, Opusc. i. 265. § Proust, Nicholson’s Journal, xv. 369. 
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number fixed upon for the atomic weight of silver, 
it as a compound* of 

1 atom silver . . 13’75 

1 atom chlorine . . 4*50 


I consider rv. 

Sect vni. 


18-25 

13-51607 

4-42650 


17-94257 

My" number is very nearly the between the analyses 

of Dr. Marcet and Gay-Lussac. 

IV. When nitrate of silver ns dropt into a Ablution of* a Bromide. 
hydrot)rortiate the bromide of silver falls down in light yellow 
curds. When exposed *to the light it blackens, but not so 
readily as chloride of silver. It is insoluble in water^but 
soluble in ammonia, and insoluble in nittic acid. Boiling sul- 
phuric acid disengages some vapours of bromine from it. When 
heated it melts into a reddish liquid, which, on cooling, recovers 
its yellow colour, and assumes the appearance of horn. Nascent 
hydrogen decomposes it as it does chloride.* From the ana- 
lysis of this bromide, by Balard and Berzelius, there can be no 
doubt that it is composed of 

1 atom bromine . . 10 

1 atom silver . . . 13-75 


While Berzelius would make it 

1 atom«ilver* . 

2 atoms chlorine 


23-75 

V. The iodide of silver, is easHy* obtained by dropping a iodide, 
hydriodate into nitrate of silver. A •greenish yellow curdy 
precipitate falls, having a good deal’of resemblance to chloride 
of silver. It melts at a low red heat, and assumes a reddish 
colour. When exposed to light its colour is alter^ more 
rapidly than even that of chloride of silver. It is insoluble in 
water, and easily decomposed wSien heated with potash. It is 
obvious, from Berzelius’s analysis, as well as from analogy, 
that this iodide is a compound of 

1 atom iodine . . 15-75 

.1 atom silver . . 13-75 


29-5 


* Balard ; Ana. de Chim. et de Phys. xxxii. 361. 
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Chap. 111. 


Fhoephuret. 


Sulphuret. 


VI. No combination of silver with hydrogen, azote, dhrbon, 
or boron, is known. When fused with silicon a compound is 
formed, which leaves behind it a considerable portion of silica 
when dissolved in nitric acid.* 

VII. Silver was first combined with phosphorus by Mr. Pel- 
letier. . If one ounce of silver, one ounce of phosphoric glass, 
ahd two drachms of charcoal, be mixed together, and heated in 
a crucible, phosphuret> of silver is 'formed. It is of a white 
colour, and appears granulated, or as it were crystallized. »» It 
breaks under the hammer^ but may be cut with a knife. It is 
composed of 4 parts of silver <and 1 of phosphorus. This 
approaches to 

1 atom silver . . 13*75 

*5 atoms phosphorus . 4 


17*75 

buttrHOt very nearly. Heat decomposes it by separating the 
phosphorus.f Pelletier has observed that silver in fusion is 
capable of combining with mors? phosphorus than solid silver ; 
for when phosphuret of silver is formed by projecting phos- 
phorus into melted silver, after the crucible is taken from the 
fire, a quantity of phosphorus is emitted the moment the metal 
congeals.^ 

VIII. When thin plates of silver and sulphur are laid alter- 
nately above each other in a crucible, they melt readily in a 
low red heat, and form stdphuret silver. It is of a black or 
very deep violet colour capable of being cut with a knife ; 
often crystallized in small needles; and much more fusible 
than silver. If sufficient® heat be applied, the sulphur is slowly 
volatilized, and the ma^l remains behind in a state of purity. 
This compound frequently occurs native. It ha,s a dark gray 
colour, a metallic lustre, and the softness, flexibility, and 
malleability of lead. Its specific gravity is about 7*2. There 
can be no doubt, from the analysis of Vauquelin, Berzelius, 
Wenzel, and Klaproth, that this sulphuret is a compound of 
1 atom sulphur . . 2 

1 atom silver . . 13*75 


15*75 

It is well known that when silver is long exposed to the air. 


* Berzelius ; Annals of Philosophy (2d series)* x. 120. 
f Pelletier : Ann. de Chim. i. 73> t Ann. de Chim- xiii. 1 10* 
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especidily in frequented places^ as churches, theatres, &c. it iv. 
acquires a coverii% of a violet colour, which deprives it of its . *. 
lustre ^and malleability. This covering, which forms a thin 
layer, can only be detached from the silver by bending it, or 
breaking it in pieces with a hammer. It was examined by 
Mr. Proust, and found to be sulphuret*qf silver.* 

IX. There is reason to conclude from the experiments ef Seieniet. 
Berzelius, that selenium and silver aru capable of combining 

in 4wo proportions. When the two substances are heated in 
contact they unite with the evolutioil of heat, and a very fusi- 
ble compopBfd is formed, from which the excess of the sele- 
nium may be separated by distillatiqp. This seleniet is gray, 
and while in fusion its surface is brilliant, like a mirror. 
melts long before it is heated redness. It iS probably*a 
biseleniet.* Part of the selenium may be disengaged by heat, 
but not the whole. It possesses some malleability. 

When silver is precipitated by selenietted hydrogen, it^lls 
in the state of a black powder, which becomes dark gray, when 
dried. This seleniet require* a red heat to fuse it, and does 
not give out any selenium when distilled. It is probably a pro- 
toseleniet of silver.f 

X. Gehlen found that when equal parts of silver and arsenic Arseniet. 
both in powder were heated together, an alloy was formed, 
composed of 100 silver and 16 arsenic. This approaches 2 
atoms silver and 1 atom arshnic. Th^ alloy is steel gray, 
brittle, and fine granular. 

XI. Silver may be alloyed with dntimony by fusion. The Antimoniet 
alloy is brittle, and its specific gravity, as Gellert has observed,;!; 

is greater than intermediate betuseAi the specific gravities of 
the two metals which enter into it. There exists native a com- 
pound of 

5 atoms silver, 

3 atoms antimony, 

known by the name of antimonial silver ore. Its colour is AHojn. 
white, it has the metallic lustre, and a specific gravity of 9*820. 

XII. Four parts of silver and two of molybdenum were 
strongly heated in a crucible, but did not yield a button. By 
continuing the heat a portion of the silver eliquated, still retain- 
ing a part of the melybdenum, and becoming bluish when 


* Ann. de Chim. i. 142. 
t Berzelius, Ann. de Chiin. et de Phys. x. 245. 
t Metallurgtc Chem. p. 136. 
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ch«p. iiL heated. The residuum being melted ^^ain in charcoal, Csecame 
more compact, was brittle, of a gray colour, and a granular 
texture. Wlien melted by itself silver eliquidated. By nitric 
acid the silver was taken up from this alloy, and the molybde- 
nuifi converted into white oxide. 

XITI. A hundred piirts of silver being mixed with 50 parts 
of tungstic acid and a quantity of charcoal, and being heated 
strongly, formed a button of a whitish browM colour, something 
spongy, which with a few strokes of a hammer extended itself 
easily, but on continuing them it split in pieces. This button 
weighed 142 grains. This alloj/’ approaches, though not very 
nearly, 

2 atoms silver, 

1 atom> tungsten. 

XIV. Serullas did not succeed in forming an alloy of silver 

and potassium by heating together silver and cliarred cream of 
tartar. , 

XV. Silver and iron, according to Wallerius, unite readily 
by fusion, and when the quantify of each is equal, the alloy 
has the colour of silver, but it is harder ; it is very ductile, and 
is attracted by the magnet.* Morveauf has shown, that when 
this alloy is kept in fusion, the metals separate from each other 
according to their specific gravity, forming two buttons, exceed- 
ingly distinct. Neither of these, however, is in a state of 
purity. The silver retains a little iron, which makes it obedi- 
ent to the magnet. Coulomb has shown, that the proportion 
of iron which remains in the silver amounts to ^^^th part. 
The iron, on the other hand, retains about ^'^yth of its weight 
of silver : which g^ves if an excessive hardness and compact- 
ness of structure, of which pure iron is destitute.:]: Messrs. 
Stodart and Faraday fused together 500 parts of very good 
Indian steel and 1 part of silver, and found the steel very much 
improved by the addition. They recommend it as likely to be 
very useful for making articles of cutlery of very superior 
quality.§ 

XVI. Silver does not unite with nickel by fusion. 

XVII. When 2 parts of cobalt and 1 of silver are melted 
together, the two metals are obtained separately after the pro- 
cess ; the silver at the bottom of the crucible, and the cobalt 
above it. Each of them, however, has absorbed a small por- 


* Wasserberg, i. 156. 

I Ann. de Chim. xliii. 47. 


f Jour, de Phys. 1 788. 

§ Phil. Trans. 1822, p. 256. 
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tion of* the other metal : for the silver is brittle and dark col- 
oured, while the dbbalt is whiter than usual.* , 

XV^II. We are ignorant of the alloys of silver with man- 
ganese, cerium, and uranium. 

XIX. Silver unites to zinc wit^ facility, and produces a 
brittle alloy of a bluish white colour, ^nd a granular texture. 
Its specific gravity, according to Gellert, is greater than the 
mean. When an alloy of»ll zinc and J silver is sublimed in 
opeSi vessels, the whole of the silver arises along with the 
flowers of zinc.t 

XX. BisiHuth combines readily with silver by fusion. The 
alloy is brittle; its colour is nearly, that of bismuth; its tex- 
ture lamellar ; and its specific gravity greater than the mean.* 
According to Muschenbroeck, the specific g^avitjf of an alldy 
of equal pftrts bismuth and silver is 10*7097.J 

XXI. Melted lead dissolves a great portion of silver at 
a slightly red-heat. The alloy is very brittle :§ its cqjpur 
approaches to that of lead ; and, according to Kraft, its specific 
gravity is gfreater than the* mean density of the two metals 
united. The tenacity of silver, according to the experiments 
of Muschenbroeck, is diminished by the addition of lead. This 
alloy is easily decomposed, and the lead separated bycupellation. 

XXII. Silver is easily alloyed with copper by fusion. The 
compound is harder and more sonorous than silver, and retains 
its white colour even when the proportion of copper exceeds 
one-half. The hardness is a maximum when the copper amounts 
to one-fifth of the silver. The standard or sterling silver of 
Britain, of which coin is made, is a compound of 12^ silver 
and one copper. Its specific gravity after simple fusion is 
10‘200,|1 By calculation it should be»10’351. Hence it fol- 
lows that tlv; alloy expands, tts is* the case with gold when 
united to copper.^ The specific gravity of Paris standard 
silver, composed of 137 parts silver and seven copper, according 
to Brisson, is 10*1752; but by hammering, it becomes as high 
as 10*3765. The French silver coin, at least during the old 
government, was not nearly so fine, being composed of 261 
parts of silver and 27 of copper, or one part of copper alloyed 

* Gellert, p. 137. f Wasserberg, i. 160. t Ibid. 

§ Lewis ; Neuman’s Chem. p. 57. 

jj Cavallo’s Nat. Phil. ii. 76. Dr. Shaw makes it 10*535 after hammer- 
ing, as it appears from his table. Shaw’s Boyle, ii. 345. 

^ I find the specific gravity of our new silver (1817} 10*3(21. Theweight 
of a shilling is 87*55 grains. 
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Chap. iiL 9# Qf silver. Its specific gravity,- according to Brisson, 

was 10 ‘ 0476 ; but after being coined, it Ifecame as bigb as 
10 * 4077 . The Austrian silver coin, according to Wass^rberg, 
contains of copper.* The silver coin of the ancients was 
neatly pure, and appears not to have been mixed with alloy. 
This seems to be the caSe also with the coins of the East Indies ; 
at least a rupee which I analyzed contained only j'j part of 
copper; a proportion so small that4t can» scarcely be supposed 
to have been added on purpose. A pound of standard silver 
is coined into 62 shilling^. <■ 

XXIII. The alloy of silver a«d tin is very brittV? and hard. 
It was examined by Kr^ift and Muschenbroeck. According 
« to them, one part of tin and four of silver form a compound 
ds hard as bronze. The addition of more tin softens the alloy. 
It has a granular appearance, and is easily oxidizedj* Accord- 
ing to Gellert, these metals contractfin uniting.t Mr. Hatchet 
foiy\d that silver made standard by tin was brittle, and did not 
ring welLj ^ 

XXIV. The amalgam of silver is easily formed by throwing 
pieces of red hot silver into mercury heated till it begins to 
smoke. It forms dendritical crystals, which, according to the 
Dijon academicians, contain eight parts of mercury and one of 
silver. It is of a white colour, and is always of a soft consist- 

* Wasserberg, i. 153. The followhng table exhibits the composition of 
different European coins, according to my experiments. 




1 Alloy per ’ 

Weight of silver, that of 



cent. 

the copper being 1. 

British 


7-5 

12-5 

Dutch 


8 

11-5 

French 



lO-I 

Austrian 


9-5 t . 

9-5 

Sardinian 


95 

. ^ 9-5 

^anish 


( 10 5 
i 15-5 

8-5 

65 

Portuguese . 


11 

8 

Danish 


1C 

7-3 

Swiss 


21 

3*8 

Russian 

# 

24* 

3*6 

Hamburgh . 

• 

50 

1 


The first column of this table gives the supposed proportion of alloy in 
loo parts of the respective coin ; the second gives the weight of silver con- 
tained in each coin, on the supposition that the weight of the copper with 
which the silver is tdloyed is always 1. Nicholson’s Jour. xiv. 409. The 
reader will find the analysis of a number of ancient Roman silver coins in 
6ie Ann. de China, et de Phys. xxxii. 320. 
t Metallur^c Chem. p. 140. t On the Alloys of Gold, p. S3.- 
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ence. • Its specific gravity is greater than the mean of the two 
metals. Gellert*has even remarked, that when thrown into 
pure ^jtiercury, it sinks to the bottom of that liquid.* When 
heated sufiiciently, the mercury is volatilized, and the silver 
remains behind pure. This amal^m is sometimes employed, 
like that of gold, to cover the surfaces of the inferior metals 
with a thin coat of silver. Two different amalgams of silver 
have been found native ;• but they arg both exceedingly rare 
minerals. One of these native amalgams^ as they are called, 
is composed of * 

ol atom silver . 13*75 

2 atoms mercury . . 25 


and tfie other of 

1 atom silvef 
3 atoms mercury 


38*75 

13*75 

37*5 


51*25 

The affinity between silver and mercury is very considerable. 


FAMILY V. NOBLE BASES. 

I have given this name for want of a better to gold, platinum, 
and four metals which usually accompany platinum in those 
parts of the earth where it is found. They possess so many 
common properties tliat it is most convenient to consider them 
together. The oxides of these metals are easily reduced to the 
metallic state by heat, if ■y^e except the oxide of osmium, which 
is too volatile to bear the applicatioti of heat. The greater 
number of them show but little inclination to imite with acids 
or to form salts. 


SECTION I. OF GOLD. 

Gold seems to have been known from the very beginning of 
the world. Its properties and its scarcity have rendered it 
more valuable than any other metal.f 

* Gellert’s Metallurgic Chemistiy, 142. 

t The fullest treatise o*n gold hitherto published is that by Dr. Lewis in 
his Philosophical Commerce of the Arts. The account of gold in Wasser- 
berg’s Institutiones Chemise, vol. i. is, a great part of it at least, nearly a 
translation of Dr. Lewis ; but it contains likewise several discoveries of pos- 
terior date, chiefly made by Bergman- Mr. Hatchett’s Experiments and Ob- 
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Chap. III. It is of an oiange>red, or reddish-yellow colour, and^as no 
Propertie*. perceptible taste or smell. Its lustre is con^de^-able, yielding 
only to that of platinum, steel, silver, and mercury. It is rather 
softer than silver. Its specific gravity is 19*3.* No other 
substhnce is equal to it in Huctility and malleability. It may 
be beaten out into leavtfe so thin, that one g^ain of gold will 
cover 56 J square inches. These leaves are only 
inch thick. But the gold leaf with which salver wire is covered 
has only y'g of that thickness. An ounce of gold upon silver 
wire is capable of being extended -more than 1300 miles in 
length.! •* 

Its tenacity is considerable ; though in this respect it yields 
to iron, copper, platinum, and silver. From the experiments 
of Sickingenj' it appears that a* gold wire 0’078 inch in diame- 
ter is capable of supporting a weight of 150’07 lbs. avoirdupois, 
without breaking.! • 

It melts at 32° of Wedgewood’s pyroineter,§ or at 2590° 
Fahrenheit, according to Davies. When melted, it assumes a 
bright bluish-green colour. It expands in the act of fusion, and 
consequently contracts while becoming solid more than most 
metals ; a circumstance which renders it less proper for casting 
into moulds. H It requires a very violent heat to volatilize it ; 
it is therefore, to use a chemical term, exceedingly fixed. 
Gasto Claveus informs us that he put an ounce of pure gold in 

9k 

r 

servations on the Alloys, Specific Gravity, and Comparative Wear of Gold, 
published in the Phil. Trans, for 1803, are of the utmost importance, on 
account of the care with which they were made, and the many mistaken 
notions which they have enabled us to rectify. Proust published a valuable 
paper on gold in the Journal de Physique. was afterwards examined by 
Vauquelin (Ann. de Chim. Ixxvii. 321); Oberkamp, (Ibid. Ixxx. 140); 
Berzelius, (Ibid. Ixxxiii. 166); Pelletier and Laval. 

* The specific gravity of gold varies somewhat according to its state, that 
being heaviest which has been hammered or rolled. Dr. Lewis informs us 
that he found, on many different trials, the specific gravity of pure gold, well 
hammered, between 19*300 and 19*^00. The specific gravity of one mass 
which he specifies was 19-376, (Philosophical Commerce of the Arts, p. 41). 
Brisson found the specific gravity of another specimen of fine gold, ham- 
mered, 1 9*36 1 , Mr. Hatchett tried gold of 23 carats grains, (or gold con- 
taining l-96th of alloy); its specific gravity was 19*277. 

See Shaw’s Boyle, i. 404, and Lewis’s Phil. Commerce of the Arts, 
p. 44. 

t Ann. de Chim. xxv. 9. 

§ According to the calculation of the Dijon academicians, it melts at 
1298® Fahrenheit; according to Mortimer, at 1301®. 

II Lewis’s Philosophical Commerce, p. 67. 
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an eartlfen vessel, into that part of a glass-house furnace where 
the glass is kept constantly melted, and kept it in a state of 
fusion fpr two months, yet it did not lose the smallest portion 
of its weight.* Kunkel relates a sipiilar experiment attended 
with the same result neither did gold lose any perceptible 
weight, after being exposed for some hours to the utmost heat 
of Mr. Parker’s lens.J Homberg, however, observed, that 
when a very small portion of gold is kept in a violent heat, part 
of ilfis volatilized.§ This observation was confirmed by Mac- 
quer, who observed the meSal rising in fumes to the height of 
five or six iacSies, and attaching itself to a plate of silver, which 
it gilded very sensibly ; || and Mr. Lavoisier observed the very 
same thing when a piece of silver was held over gold meltej^ 
by a fire blown by oxygen gas, which produces a much greater 
heat than chmmon air.^ After fusion, it is capable of assuming 
a crystalline form. Tillet and Mongez obtained it in short 
quadrangular pyramidal crystals. Gold i^ not in the Itest 
altered by being kept exposej^ to the air ; lit does not even lose 
its lustre. Neither has water the smallest aetion upon it. 

II. It is capable, however, of combining with oxygen, and oxides, 
even of undergoing combustion in particular circumstances. 

The resulting compound is an oxide of gold. Gold must be 
raised to a very high temperature before it is capable of abstract- 
ing oxygen from common air. ,It may be kept red-hot almost 
any length of time without any such change. Homberg, how- 
ever, observed, that when placed in tjje focus of Tschirnliaus’s 
burning-glass, a little of it was converted into a purple-coloured 
oxide ; and the truth of his observations was confirmed by the 
subsequent experiments of Macquer'with the very same burn- 
ing-glass.** But the portiofi of oxide^ formed in these trials is 
too small to admit of being examined. Electricity furnishes a 
method of oxidizing it in greater quantity. 

If a narrow slip of gold leaf be put, with both ends hanging 
out a little, between two glass plates tied together, and a strong 
electrical explosion be passed tlirough it, the gold leaf is miss- 
ing in several places, and the glass is tinged of a purple colour 

* “ Nec minimum de pondere decidisse conspexi.” Gastonis Clavei Apo- 
logia Argyropoeise et Chry!ft>poeae adversus Thomam Erastum, Theatrum 
Chemicum, ii. 17. 

f Lewis, Philosophical Commerce, p. 70. 

f Kirwan’s Mineralogy, i. 92. § Mem. Par. 1702, p. 147. 

II Dictionnaire de Chimie, ii. 148. ^ Kirwan’s Min. ii. 92. 

** Diet. ii. 153. 

2 T 
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Chap. 111. 


by the portion of the metal which has been oxidized? This 
burious experiment was first madfi by Dr.* Franklin;* it was 
confirmed in 1773 by Camus. The reality of the oxidjizement 
of gold by electricity was ^disputed by some philosophers, but 
it has been put beyond the reach of doubt by the experiments 
of Vah Marum. When he made electric sparks from the 
powerful Teylerian machine pass through a gold wire suspended 
in the air, it took fire; burnt with & green-coloured flame, and 
was completely dissipated in fumes, which, when collettcd, 
proved to be a purple coloured oxsde of gold. This combus- 
tion, according to Van Marum,* succeeded not oflly in common 
air, but also when the wire was suspended in hydrogen gas, 
ftnd other gases which are not capable of supporting combus- 
tion. The combustion of gold is now easily effected by expos- 
ing gold-leaf to the action of thc^ galvanic batteVy. I have 
made it burn with great brilliancy, and a green-coloured flame, 
by^exposing a gold wire to the action of a stream of oxygen 
and hydrogen gas mixed together and burning. Now, in all 
cases of combustion, the gold Is oxidized. We are acquainted 
only with two oxides of gold. The protoxide has a green 
colour, the peroxide is reddish-brown. 

1. Of these the peroxide is most easily procured ; it is, tliere- 
fore, best known. It may be procured in the following man- 
ner : 1 part of nitric and 4 of pmriatic acid are mixed together, 
and poured upon gdld : an effervescence takes place, the gold 
is gradually dissolved, ^nd the liquid assumes a yellow colour, 
liet this solution be rendered as neutral as possible by cau- 
tiously evaporating it tp dryness and re-dissolving it in water. 
Into the solution pour a Quantity of potash, and then heat the 
liquid. A voluminous precipitate gradually appears. It must 
be carefully washed with water and dried. Pelletier assures 
us thsvt when the oxide is made in this way it is never free from 
potash. He recommends the following process as yielding 
pure oxide : To the neutral solution of gold in aqua regia, add 
caustic m^nesia till there be a small excess of it. A precipi- 
tate falls consisting of the oxide of gold united to magnesia, 
and a small portion of the gold still remains in solution. Wash 
the precipitate thoroughly, then digest it in nitric acid, which 
will dissolve the magnesia, together With a small portion of the 
gold, and leave the oxide of gold in a state of purity. If the 
nitric acid used was dilute, we obtmn the gold in the state of a 

* Lewis’s Philosopb. Commerce, p. 175. This work was published in 1763. 
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light fellow oxide, or rather hydrate ; but if the acid was con- v. 

centrated, the oxide is black or dark brown, and anhydrohs. ^ ^ 
When the hydrated oxide is exposed to a heat of 212° it loses 
its water, and is partly reduced to tlje metallic state. It dissolves 
completely in muriatic acid, and the solution has a fine yellow 
colour. At an incipient red heat, it is completely reduced^ to 
the metallic state. 

I have shown th^ wheb 25 grains 6f gold are dissolved in 
nitromuriatic acid, and the solution Rendered as neutral as pos- 
sible, if we add to the solution 27 grains of protoxide of iron, 
the wjiolt? gold is thrown ddWn ha the metallic state, and the 
protoxide of iron is converted into peroxide, and therefore has 
combined with 3 of oxygen.* It follows from^this that the 
yellov oxide of gold is a compound of * 

Gold ... 25 

Oxygen . . 3 

• 

Now as 3 denoting the quantity of oxygen is a whole number, it 
is clear that 25 or some multiple or submultiple of it is the atomic 
weight of gold. To discover what the true number is, we may 
have recourse to the law discovered by Dulong and Petit, 
namely, that the atomic weight of a body is obtained when we 
divide the number 0*376 by tjje specific heat of that body. The 

specific gravity of gold is 0*03, and ^ = 12*53. It is evi- w^l! 

dent from this that the atom of gold is 12*6. Consequently 
the oxide of gold is a compound of , 

1^ atom oxygen *. . 1*5 

1 atom gold ., . 12*5 

14 

and its atomic weight is 14. 

2. When the cldoride of gold is heated till it ceases to give 
out chlorine gas, a straw-yellow mass remains, which is insolu- 
ble in cold water. When this substance is treated with caustic 
potash a green-coloured powder is separated, which is sttboxide 
of gold. In a short time this oxide divides itself into two parts. 
One-third deprives tlie other two-thirds of the whole of their 
oxygen and becomes peroxide, while the two-thirds are reduced 
to the metallic state.f From this it is obvious that the sub- 

* Edin. Phil. Trans, ii. 26. f Berzelius, Ann. de Chini. Ixxxiii. 166. 
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Chap. Ill, oxide of gold contains only one-third of the oxygen which exists 
in ‘the^peroxide. It is therefore a compound of 

1 atom oxygen . . 1 

2 atoms gold , . . 25 

This suboxide does not seem capable of uniting either with 
acids or bases. ' * 

3. It has been supposed that the oxide of gold formed by 
electricity or by the combustion of goM, is intermediate between 
the suboxide and peroxide. 'If fiiis opinion be well-founded, 
the purple oxide must be a' compound of 

‘ } atom oxygen . . 1 

1 atom ‘gold ’ . . 12*5 


13-5 

But *no satisfactory evidence has been adduced to prove the 
truth of this opinion. 

It has been supposed that the beautiful colour of the purple 
of Cassius is owing to the presence of this oxide. But the 
observations of Proust, together with those of Marcadieu,* 
seem to leave no doubt that the gold in this beautiful powder 
is in the metallic state. Purple of Cassius is obtained by 
dropping a solution of gold into a solution containing both the 
oxides of tin. When *dropt into a solution of protomuriate of 
tin, it is a dark brown without any beauty. We must have 
both’ oxides in the solution to ensure the fine purple of 
Cassius. 

f^ioridei. HI. When gold-leaf is exposed to the action of chlorine 
gas, a combination takes place ; bufe>the gold does not burn. 
When gold is dissolved in aqua regia, and the solution suffi- 
ciently Concentrated by evaporation, beautiful ruby red crystals 
shoot ; but they are so deliquescent that it is very difficult to 
preserve them. The taste is at:.tringent and very disagreeable, 
and it acts when taken internally as a virulent poison. These 
crystals (abstracting the water) are composed, according to the 
analysis of Berzelius, of 

atom chlorine . . 6*75 

1 atom gold . . * 12*5 


19*25 


* Ann. de Chim. et de Pfays. xxxiv. 147. 
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1. *When the solution of gold in aqua regia is cautiously 
evaporated till l^e colous becomes brown, it becomes a sqlid 
mass on cooling, and a portion of the gold is disengaged from 
its combination. By this evaporation the gold is converted 
into a chloride composed of • 

1 atom chlorine . . 4*5 

1 atom gold . . 12*5 


17*0 

as I ascertained by a vexy carefully conducted analysis.* 

2. Be^elius informs us tl^t ■wjhen the crystals of sesquichlo- 
ride 6f gold are fused and sufficiently heated, they may be con- 
verted into a subchloride of gold, composed of 

1 atom chlorine • . . , 4f5 

2 atoms gold . . 25 * 


I did not succeed in obtaining this subchloride ; but from the 
analogy of the suboxide ifs existence is very probable. 

The sesquichloride of gold possesses the characters of an 
acid. Those salts which have been described under the names 
of double chlorides of gold, are in reality salts in which the 
sesquichloride of gold acts the part of an acid, and the other 
chloride that of a base. These chlorine salts will come under 
our review in a subsequent ^art of th^ work. 

IV. Bromine and its a(]|iieous solution are capable of dissolv- 
ing gold. By this means a yelloilf bromide is obtained which 
stains animal bodies purple, as is the case with the chlorides of 
this metal. Heat decomposes it iijtd bromine and metallic gold.f 

V. Iodide of gold may be obtained by mixing together 
chloride of, gold and hyclriodate of potash, taking care to heat 
the liquid in order to drive off the excess of iodine which pre- 
cipitates with the iodide of gold. This iodide is insoluble in 
cold water, and but little soluble in boiling water. Muriatic, 
nitric, and sulphuric acids, do ^ot decompose it cold, but when 
it is boiled in these acids in a concentrated state, the gold is 

* Edit). Phil. Trans, ii. 27. Professor Berzelius and Mr. Johnstone 
have thought proper to call in question the accuracy of this analysis 
in no very measured tercns ; because they analyzed the sesquicMoride of gold, 
and obtained a different result. 1 have only to mention that both of these 
chlorides exist, as I have ascertained by actual experiment. Nothing can 
be conceived more' illogical than to infer that an analysis of a salt is 'wrong, 
because the analysis of a difierent salt does not agree with it. 

-f- Balard, Ann. de Chim. et de Phys. xxxii. 362. 
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reduced and the iodine disengs^ed. Heat decomposes it ata tem- 
perature not higher than 300°. Alkaline solutions decompose it 
immediately. With potash we obtain iodate and hydriodate 
of potash, and the gold remains in the state of a yellow powder. 
Accoiding to the analysis of M. Pelletier, the discoverer of 
iodide of gold, and to whom we are indebted for all the facts 
which I have stated respecting it, this iodide is a compound of 
34 of iodine and 66 of gold. This, if we make allowance for 
a little water, which in all probability the iodine still retained, 
is equivalent to , 

1 atom iodine , . , . 15*75 

3 atoms gold . . 37*5 


53*25* 

Neither the oxides nor chlorides of gold have exhibited any 
compound analogous to this which is a trisiodide. 

VI. Nothing is known respecting the compounds which gold 
may be capable of forming with hydrogen, azote, carbon, boron, 
or silicon. 

VII. Margraff failed in his attempts to unite gold with phos- 
phorus ;f but Pelletier was fortunate enough to succeed by 
melting together in a crucible half an ounce of gold and an 
ounce of phosphoric glass,!; surrounded with charcoal. The 
phosphuret of gold thus produced was brittle, whiter than gold, 
and had a crystallized appearance. It was composed of 23 parts 
of gold and one of phosphorus,^ or of 1 atom phosphorus and 4 
atoms gold. He formed thd same compound by dropping small 
pieces of phosphorus into goldin fusion. || By the application of a 
sufficient heat, the phosphorus is dissipated and the gold remains. 
Oberkampf formed phosphuret of gold by precipitating chloride 
of gold by means of water impregnated with plwsphuretted 
hydrogen gas. 

VIII. '" Sulphur, even when assisted by heat, has no action on 
gold whatever ; nor is it ever found naturally combined with 
sulphur, as is the case with most of the other metals ; yet it 
can scarcely be doubted that sulphur exercises some action on 
gold, though but a small one ; for when an alkaline hydro-sul- 
phurei^ is dropped into a solution of gold, a black powder falls 

• Ann. de Chim. et de Phys. xv. 116. \ Opusc. i. 2 . 

t Phosphoric acid evaporated to dryness, and then fused. 

§ Ann. de China, i. 71. y ibid, xiii, 104. 

1 By this is understood a combination of sulphuretted hydrogen and an 
alkali. 
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to then bottom, which is foimd to consist of gold and sulphur ; v. 

and when potash| sulphui^ and gold, are heated together, and 

the mixture boiled in water, a considerable portion of gold is 
dissolved, as Stahl first discovered. Three parts of sulphur, 
and three of potash, are sufficient t« dissolve one of gold. ,The 
solution has a yellow colour. When an acid is dropped into 
it, the gold falls down, united to the sulphur in the state of^a 
reddish powder, whjch becomes gradually black.* The com- 
position of this sulphuret h^ been investigated by Bucholz-|- 
and Oberkamp£:j: The |bllowing are the results which they 
obtained r - * 

• . 

Bucholz. Oberkampf. 

Gold . . 100 . . 100 

Sulphur . . 21^*95 . . ^ 24*39 

If we»coi\pider Oberkamprs analysis as coftect, this compound 
consists of • 

1^ atom sulphur . . 3 

1 atom gold . 12*5 

15*5 

It is therefore analogous to the common oxide and chloride of 
gold. 

IX. There appears to be a strong affinity between gold and Aracniet. 
arsenie : but in eonsequence of the great volatility of the latter 
metal, it is difficult to unito them by fusion. Bergman suc- 
ceeded in making gold take up ^jjtli of its weight of arsenic.§ 

Mr. Hatchett added 453 ‘grains of arsenic to 5307 grains of 
, melted gold, and, stirring the whole rapidly with an iron rod, 
poured the mixture into an iron mould. Only six grains of 
the arsenic were retained ; so that the alloy contained only 
•jj^jth of arsenic. It had the colopr^f fine gold; and though 
brittle, yet it bent in some mc|psure before it broke. When 
once united to gold, arsenic is not easily expelled by Im^t. Mr. 

Hatchett discovered that gold readily imbibes, and combines 
with, arsenic, when heated to* redness. A plate of gold was 
exposed red-hot to the fumes of arsenic by suspending it near 
the top of a dome, made by luting one crucible inverted over 
another. In the lower crucible some arsenic was put, and the 
whole exposed to uncommon fire for about 15 minutes. Tlie 
arsenic had acted on the gold, and combined with its surface. 

• Stahl’s Opusc. Chym.-Phys.-Med. p* 606. t Beitrage, iii. 171. 

1: Ann. de Chim. Ixxx. 144. § Opusc. ii. 281. 
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The alloy being very fusible had dropped off as it formed, leav- 
ing the gold thinner, but quite smoQth. The alloy of gold and 
arsenic formed a button in the undermost crucible. This but- 
ton had a gray colour, and was extremely brittle.* 

X. Antimony and gold K^ay he combined by fusion, and form 

a brittle compound of a yellow colour. Great attention was 
pjud to this alloy by the alchymists, who affirmed, that the quan- 
tity of gold might be increased by^ alloying it with antimony 
and then purifying it.f . n 

Gold made standard by antimony, in Mr. Hatchett’s expe- 
riments, was of a dull pale colour, not unlike ^qtenag. It 
was exceedingly brittle, and in the fracture was of an ash- 
polour, with a fine close grain, not unlike that of porcelain. 
It3 specihc gravity was 16*929. The bulk of the two metals 
before fusion being 1000, after fusion it was 987. Hence they 
suffer a considerable contraction. A very small proportion of 
antimony destroys the ductility of gold : the alloy was perfectly 
brittle when the antimony did not exceed *he 

mass. Even the fumes of antimony in the neighbourhood of 
melted gold, are sufficient to destroy its ductility.f 

XI. Potassium and sodium may readily be combined with 
gold by heat, as Davy ascertained. The alloys are destroyed 
in the open air, or when put into water. 

XII. We are not acquainted with the action of gold on the 
metallic bases of the alkaline earths or earths proper. 

XIII. Iron unites very readily with gold by fusion in all its 
states of soft iron, cast-iroil, and steel. The alloy was examined 
by Mr. Hatchett, who found it remarkably ductile when com- 
posed of 1 1 gold and 1 iron. It was easily rolled into plates, 
cut into blocks, and stamped into coin, without its being neces- 
sary to anneal it. The colour was a pale yellowish gray approach- 
ing to a dull white ; its specific gravity was 16*885. The bulk 
of the m'etals before fusion was 2799 ; after their union the bulk 
was 2843. Hence they suffer an expansion, as had been pre- 
viously noticed by Gellert. Suppose the bulk before union to 
have been 1000, after union it becomes 1014*7.§ This alloy 
is harder than gold. Dr. Lewis even says that it is fit for making 
edge-tools ; but in that case the proportion of iron was doubt- 

* On the Alloys of Gold, p. 7. 

•f This made them give antimony the name of balneum regale. The cause 
of their mistake is obvious ; they did not separate the whole of the antimony 
frond the gold ; hence the increase of weight. 

Hatchett on the Alloys of Gold, p. 13. 


§ Ibid. p. 37. 
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less ificreased. When the iron is three or four times the quan- ramiiy v, 
tity of gold, thtf alloy, according to Dr. Lewis, has the colpur _ 
of silver :• according to W^allerius it still continued magnetic.-!- . 

Gold* answers well as a solder for iron. 

XIV. Mr. Hatchett melted a mfcdture of 1 1 gold and 1 hickel, Nickoi, 
and obtained an alloy of the colour of fine brass. It was brittle, 

and broke with a coarse-grained earthy fracture. The SJ)e- 
cific gravity of th^ gold«was 19*172 ^ of the nickel 7*8 ; that 
of the alloy 17*068. The bulk of the metals before fusion was 
2792, after fusion 2812a Hence \hey suffered an expansion. 

Had their'-'bulk before fusion baen 1 000, after fusion it would 
have ’become 1007. When the proportion of nickel is dimin- 
ished, and copper substituted for it, the brittleness pf the alloy 
gradually diminishes, and its colour approaches to that of gold. 

The expansion, as was to be expected, increases with the pro- 
portion of copper introduced.^ 

XV. Mr. Hatchett melted together 14 parts of golAand 1 cobait. 
part of cobalt. The alloy was of a dull yellow colour, very brit- 
tle, and the fracture exhibited an earthy grain. Its specific gra- 
vity was 17*112. The bulk of the meUils before fusion being 
1000, after fusion, became 1001. Hence they e.xperienced a 
very small degree of expansion. The brittleness of gold alloyed 
with cobalt continues when the cobalt does not exceed 

the whole ; but wdien it is reduced below that proportion, the 
gold becomes somewhat ductile.§ • 

XVI. We are indebte^l to Mr. Hatchett for some curious 
experiments on the alloy of manganese and gold. Olive oil 
was repeatedly mixed and burned with black oxide of manganese, 
after which a piece of gold,was imbedded in the oxide, placed in 
a crucible lined with clj^rcoal, and '^fell luted. The crucible 
W’as exposed for three hours to a sirong heat. By this means 
a portion of manganese was reduced and combined witl^the gold. 

The alloy was externally of a pale yellowish-gray colour, with 
a considerable lustre, almost equal to that of polished steel. It 
was very hard, and possessed some ductility. The fracture 
was coarse, very spongy, and of a reddish-gray colour. It was 
not altered by exposure to the air. From the analysis of Mr. 

Bingley, the alloy was found to vary in the proportion of man- 
ganese from ^th to*^ th of the whole. It is more difficult of 
fusion than gold. "When kept melted witli access of air, the 

* Phil. Com. p. 85, -f- Wasserberg, i. 116. 

t Hatchett on the Alloys of Gold, p. 21. § Ibid. p. 19. 
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whole manganese is oxidized, and swims on the surface. The 
manganese may be separated by cupellation with lead.* 

XVII. The alloys of gold with uranium and cerium are 
unknown. 

XVIII. Zinc may be uiftted to gold in any proportion by 
fusion. The alloy is the Whiter and the more brittle the greater 
qu&ntity of zinc it contains. An alloy, consisting of equal parts 
of these metals, is very hard and white, receives a fine polish, 
and does not tarnish readily. It lins, therefore, been proposed 
by Mr. Hellotf as very proper for the specula of telescopes. 
Mr. Hatchett united 1 1 parts pf gold and 1 of zinc. » ^h® alloy 
was of a pale greenish-yellow like brass, and very brittle. Its 
specific ' gravity was 16'937. The bulk of the metals before 
union was IdtoO ; after it, 997 nearly. Hence the union is 
accompanied with a small degree of contraction. The brittle- 
ness continued though the zinc was reduced to alloy, 

^gths-ef copper being added to reduce the gold to the standard 
value. Even the fum^ of zinc near melted gold are sufficient 
to render the precious metal brittls.| Hellot affirms, that when 
1 part of gold is alloyed with 7 of zinc, if the zinc be elevated 
in the state of flowers, the whole of the gold rises along with it. 

XIX. Gold combines very readily unth bismuth by fusion. 
An alloy composed of 11 gold and 1 bismuth was found by 
Hatchett to have a greenish- yellow colour, like bad brass. It 
was very brittle, and hfid a fine gp*ained earthy fracture. Its 
specific gravity was 18'038. The bulk of the metals before 
fusion was 1000 , after it only 988. They had suffered, there- 
fore, a considerable contraction. Tlie properties of the alloy 
continued nearly the same when the bismuth amounted to 7 -jj^h 
of the compound ; the requisite quantity of copper to reduce 
the gold to standard being^ added. When the bismuth was 
diminished beyond this proportion, the colour of the alloy became 
nearly that of gold ; but its brittleness continued even when 
the bismuth did not exceed y^*^jjth of the mass. As the pro- 
portion of bismuth diminished, and that of the copper increased 
(the gold being always standard), the contraction disappeared, 
and an expansion took place, which was soon much greater than 
when copper alone was used to alloy the gold. This curious 
progfression will appear evident from the following table.^ 

* Hatchett on the Alloys of Gold, p. 22, f Mem. Acad. Par. 1735. 

t Hatchett on the Alloys of Gold, p. 17. 

§ The specific gravity of the gold was 19*172 (it was 23 carats grains 

fine), of the bismuth 9*822, of the copper 8*896« 
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Metals. 

Otains. 

Specific gravity 
% of alloy. 

Bulk 

before 

fusion. 

Do. after. 

Change of 
bulk. 

Gold . . 
Bismuth . 

442 

38 

18-038 ' 


988 

■ 

Gold . . 
Copper . 
•Bismuth . 

442 

30 • 

8 

•17-302 

IQOO 

• 

1018 

-1-18 


442 

34 

4 

a 

16-846* 

ii 

1044 

+ 44 

• 

Gold . 

Copper . 
Bismuth . 

442 

37*5 

0-5 

, 16-780 

I 

1 

*+47 

Gold . . 
Copper . 
Bismuth . 

442 

37-75 

0-25 

lV-495 

i 

• 

1000 

1027 

+ 27 


So great is the tendency of bismuth to give brittleness to 
gold, that the precious metal is deprived of its ductility, merely 
by keeping it, while in fusion, near bismuth raised to the same 
temperature.* ^ 

XX. When 1 1 parts of gold are melted with one of lead, an i.ead, 
alloy is formed, which has externallj^ the colour of gold, but is 
rather more pale. It is exceedingly brittle, breaking like glass, and 
exhibiting a fine-grained fnicture, ©f^ pale brown colour, with- 
out any metallic lustre, and having the^appearance of porcelain. 

The brittleness continues even wh^ the proportion of lead is 
so far diminished tliat it amounfef only to j-^^ijth of the alloy. 
Even the fumes of lead are sufficient to destroy the ductility of 
gold. The specific gravity of the alloy of 1 1 gold and 1 lead 
is 1 8'080, which is somewhat less than the mean ; so that the 
metals undergo an expansion. This expansion increases as the 
lead diminishes (the gold remaining the same), and the defi- 
ciency being supplied by copper, and becomes a maximum 
when the lead amounts only to ^^jjth of the alloy. The fol- 
lowing table exhibits a view of this remarkable expansion : 


* See Hatchett on the Alloys of Gk>ld, p. 36. 
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Metals. 

• 

Grains. 

Specific gravity 
of alloy. 

Bulk 
before 
^ union. 

Do. after. 

0 

Expansion. 

Qold 

442 





Lead . 

38 

*18-080 

3 

1000 

1005 

5 

Gold . 

442 





Lead . 

19 . 

17-765 

«1000 

1005 

6 

Copper 

19 





Gold . 

442 





Copper 

30 

1/-312' 

1000 

1022 

22 

Lead 

8 

<• 




Gold 

442 



i 


Copper 

34 

17-032 

1000 

1035 

‘ 35 

Lead . 

4 





Sold . 

442 - 





Copper 

37-5 

16-627 

1000 

1057 

57 

Lead 

0-5 





Gold . 

442 





Copper 

37-75 

17-039 

1000 

1031 

31* 

Lead . 

0-25 






XXI. Tin unites readily with gold by fusion, and was sup- 
posed by the older chemists to haye the property of communi- 
cating brittleness to the alloy in how small a portion soever it 
was united to the precious metal ; but later and more precise 
experiments have shown that this opinion was ill founded. 
The mistake was first ^removed by, Mr. Alchorne, in a set of 
experiments on this alloy published in the Philosophical Trans- 
actions ^for 1784; and these !have been amply confirmed by the 
subsequent trials of Mr. Hatchett. An alloy of 1 1 gold and 1 
tin has a very pale whitish , colour ; brittle when thick ; but 
when cast thin, it bends easily, but breaks when passed between 
rollers. The fracture is fine grained, and has an earthy appear- 
ance. The specific gravity of this alloy was 17 ’SO?. The 
bulk of the two metals before fusion being reckoned 1000, after 
fusion, it was reduced to 981 ; so that tile metals contract very 
considerably by uniting together.f When gold was made 

* See Hatchett on the Alloys of Gold, pp. 29 and 67. 

f ibid. p. 32. 
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standavd by equal parts of tin and copper, an alloy was obtained 

of a pale yellow dblour, an^ brittle ; but when the tin amounted 1— 

only to whole, the alloy was perfectly ductile.* 

IndeeS, from the experiments of Mr. Alchorne, we learn, that 
when gold is alloyed with no more* than ^yth of tin, it retains 
its ductility sufficiently to be rolled dnd stamped in th,e usual 
way. But Mr. Tillet showed, as was indeed to have been 
expected, that wheij heated to redness^ it falls to pieces, owing 
toHhe fusion of the tin. B^th of these facts have been con- 
firmed by the late experiments of'Mr. Bingley. He found 
that an alk>y of gold with ^’yih o^ tin, when annealed in a red 
heat, just visible by daylight, whicji is equal to 5° of Wedge- 
wood, was quite ductile, and capable of being worked into any 
form but when heated to a eherry red,, or to *10° Wedge- 
wood, blfeters began to appear on the surface oT the bar : 
its edges curled up; afid at last it lost its continuity, and 
fell into a dark-coloured mass with . little of the m^^lic 
lustre.f 

XXII. The alloy of golth and copper is easily formed by copper, 
melting the two metals together. “This alloy is much used, 
because copper has the property of increasing the hardness of 
gold without injuring its colour. Indeed a little copper 
heightens the colour of gold Muthout diminishing its ductility. 

This alloy is more fusible than gold, and is therefore used as a 
solder for that precious metal.| Coppej* increases likewise the 
hardness of gold. According to Muschenbroeck, the hardness 
of this alloy is a maximum when if is composed of 7 parts of 
gold and 1 of copper. ^ Gold alloyed with of pure copper 
by Mr. Hatchett, was pejfectly duTitile, and of a fine yellow 
colour, inclining to red. Jts specific gravity was 17’ 157. This 
was below the mean. Hence the mbtals had suffered an expan- 
sion. Their bulk before union* was 2732, after union 2798. 

So that 916f of gold and 83^ of copper when united? instead 
of occupying the space of 1000, as would happen were there 
no expansion, become 1024.|| 

Gold coin, sterling or standard gold, consists of pure gold 

• Hatchett, on the Alloys of Gold, p. 32. -j- Ibid. 

t Wassenberg, i. 112. • § Ibid. 

II Hatchett on the Alloys of Gold, p. 66. The gold was already alloyed 
with l-96th of copper; the expansion, had the gold been pure, would have 
been greater. For the specific gravity of an alloy of 1 1 gold and 1 copper, 

(supposing the specific gravity of gold 19'3, and of copper 8‘9), should be 
by calculation 17‘58. Its real specific gravity is only 17*157. 
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Chap. III. alloyed with y'jth of some other metal. The metal psed is 
always either copper or silver, or a piixture df both, as is most 
common ip British coin. Now it appears that when gold is 
made standard by a mixture of equal weights of silver and 
copper, the expansion is ,gteater than when the copper alone 
is use4, though the specific gravity of gold alloyed with 
silver differs but little from the mean. The specific gravity of 
gold alloyed with 9^ silver and ^^th of copper was 17’344. 
The bulk of the metals before combination was 2700 ; after it 
2767.* We learn from the experiments of Mr. Hatchett that 
our standard gold sufiers le^ frqm friction tlian puye gold, or 
gold made standard by qny other metal besides silver and 

* The first gifineas coined were made standard by silver, afterwards copper 
was added to make up for the deficiency of the alloy ; and as ,the Jiropor- 
tion of the silver and copper varies, the specific gravity of our gold coin is 
various also. 


Tlw8«>3pecific gravity of gold made standard by 

silver is 


17-927 



copper 


17-137 


« 

silver and copper 17*34 j4? 

The following trials made by Mr. Hatchett will show the specific gravity 
of our coins in different reigns. 

Heign. Date. Specific gravity. 

Chaules II. a five guinea piece 

* • 


1681 

17-825 

James II, a two guinea piece 

• • 


1687 

17-634 

WiLiJAM III, a five guinea piece 



1701 

17-710 

George I, a quarter guinea 

• 


1718 

16.894 

George IL a guinea ^ 



1735 

17-637 

a two guinea piece 

• r • 


1740 

17-848 

George III. a one guinea 

• • 


1761 

17-737 

a one guinea 

• • 


1766 

17-655 

a one guinea * 

• • 


1774 

17-726 

a one guinea 

c 

• • 


1775 

17-698 

a one guinea^ 



1776 

17.486 

a one guinea 

• • 


17W 

17-750 

a one guinea 

• • 


1782 

17-202 

a one guinea 

• • 


1786 

17-465 

— — a one guinea 

# • 


1788 

17-418 

five guineas • o 

• m 


1793 

17-712 

ten half guineas 

* • 


1801 

17-750 

fifteen seven-shilling piecesi 


1802 

17-793 


* Supposing guineas, half-guineas, and seven-shilling pieces, to be made 
from the same metal, there is reason to expect (in a given comparative sum 
of each) an increase of specific gravity in the cmaller coins, as a natural 
consequence of rolling, punching, annealing, blanching, milling, and stamp- 
ing ; the effects of which must become more evident in proportion to the 
number of the small pieces required to form a given sum of the larger coins. 

The average specific gravity of our gold coin, at the present time, may 
probably be estimated at 17'724. 
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copper; and that the stamp is not so liable to be obliterated 

as in’^'pure gold. It therefore answers better for coin. ^ A ^ 

pound of standard gold is coined into 44i guineas, 

X^III. The amalgam of gold is formed very readily, because Mercury, 
there is a very strong affinity between the two metals. *If a bit 
of gold be dipped into mercury, hs surface, by cpmbining 
with mercury, becomes as white as silver. The easiest way of 
forming this amalgam is to throw sn^all pieces of red-hot gold 
iftto mercury heated till it begins to smoke. The proportions 
of the ingredients are nQt determirtable, because they combine 
in any proportion. This ^ma][gam is of a silvery" whiteness. 

By squeezing it through leather, the excess of mercury may 
be separated, and a soft white amalgam obtained, which gra- 
dually becomes solid, and consists of abput 1 part of meltiury 
to 2 of gold. It melts at a moderate temperature ; and in a* 
heat below redness tlfe mercury evaporates, and leaves the 
gold in a state of purity. It is much ^sed in gilding.^ The 
amalgam is spread upon the metal, which is to be gilt ; and 
then by the application bf»a gentle and equal heat, the mer- 
cury is driven off, and the gold left adhering to the metallic 
surface ; this surface is then rubbed with a brass wire brush 
under water, and afterwards burnished.* 

XXIV. When silver and gold are kept melted together. And silver, 
they combine, and form an alloy, composed, as Homberg ascer- 
tained, of 1 part of silver and 5 of gold. He kept equal parts 
of gold and silver in gentle fusion for a quarter of an hour, 
and found, on breaking the crucible, two masses, the ^upper- 
most of which was pure silver, the undermost the whole gold 
combined with ^ of silvci;. Silver, liowever, may be melted with 
gold in almost any proportion ; and if the proper precautions 
be employed, the two metals renlain combined together. 

The alloy of gold and silver is harder and more sonorous 
than gold. Its hardness is a maximum when the alloy con- 
tains 2 parts of gold and 1 silver.’}- The density of these 
metals is a little diminished,^ and the colour of the gold is 
much altered, even when the proportion of the silver is small ; 

1 part of silver produces a sensible whiteness in 20 parts of 
gold. The colour is not only pale, but it has also a very sen- 
sible greenish ting^, as if the light reflected by the silver passed 
through a very thin covering of gold. This alloy being more 

* Gellert’s Metallurgic Chemistry, 375, and Lewis, Phil. Cora. p. 75. 

t Muschenbroeck. ^ Hatchett. 
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fusible than gold, is employed to solder pieces of that i^etal 
together. 

XXV. "VVith gold molybdenum melts only imperfectly, and 
forms a blackish brittle mass, from which a considerable portion 
of the "gold eliquates when ^t is kept in a strong heat. The 
alloy is attacked by nitric "acid. The gold subsides in the state 
of ap fine powder, and the molybdenum lies over it in the form 
of white oxide. The proportions tried were 

Gold . . 6, 4, 2. * 

Molybdenuni . ^2, 2, 2. 

None of these compounds could be- brought into perfect fusion 
even by the assistance of borax.* 

XXVI. When 100 parts of gold, 50 parts of tungstic acid, 
and a quantity of charcoal powder, were strongly heated in a 
covered crucible, complete fusion did not take place*. The 
button weighed 139 grains. By cupellation with lead the 
gold TEfis reduced tq its original purity. With platinum 
it refused likewise to melt. The mass obtained weighed 140 
grains. 


SECTION II. OF PLATINUM. 

Gold, the metal just described, was known in the earliest 
ages, and has been always in high estimation, on account of its 
scarcity, beauty, ductility, and indestructibility. But platinum, 
though perhaps inferior jn few of t^iese qualities, and certainly 
far superior in others, was unknown in Europe, as a distinct 
metal, before the year 1749.f 

• Hjelm, Crell’s Annals, iii. 356, Eng. Trans. 

j- Father Cortinovis, indeed, has attempted to prove that this metal was 
the electrum of the ancients. See t?.e Chemical ’Annals of Brugnatelli, 1790. 
That the electrum of the ancients was a metal, and a very valuable one, is 
evident fron^ many of the ancient writers, particularly Homer. The follow- 
ing lines of Claudian are alone sufficient to prove it : 

“ Atria cinxit ebur, trabibus solidatur ahenis 

“__Culmen et in celsas surgunt electra columnas.” L. I. v. ICd-. 

Pliny gives us an account of it in his Natural History. He informs us 
that it was a composition of silver and gold ; and that by candle-light it 
shone with more splendour than silver. The ancients made cups, statues, 
and columns of it. Now, had it been our platinum, is it not rather extraor- 
dinary that no traces of a metal, which must have*been pretty abundant, 
should be perceptiUe in any part of the old continent? 

As the passage of Pliny contmns the fullest account of electrum to be 
found in any ancient author, I shall give it in his own words, that every one 
may have it in his power to judge whether or not the description will apply 
to the platinum of the moderns. 
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Lflt has hitherto beeh found only in Choco in Pern, in 

the mine of Sdnta Fe,»near Cartha^ena; in Brazil, and in ^ 

the valley of Jaky in St. Domingo. About the year 1820 • 
it was discovered on the east side of the Oural mountains, 
between Nijn^-Tajibskoi and Ktf^Chtumskoi. In all of these 
situations it occurs in g^rains in alluvial soil, accompanied by 
figments of greenstone and syenite. M. Boussingault *has 
lately discovered it in «itu in decomposed syenitic rocks at 
Santa Rosa, about 30 miles north-east from Medellin, in the 
province of Antioquia, in north latitude 6* 37' situated 
7462 feat- above the level* of the sea.* Even in the veins 
where the ore occurs it is in grains, which have the appearance 
of having been water-worn. Humboldt has expreSsed'-f^ 
opinion that this syenite, in which veins containing grains of 
gold and of platinum are situated, belongs to the same forma- ' 
tion as the zircon syenile of Norway. The rock in which the 
•platinum occurs in Brazil appears to be a chloritoiisiquartz. 

The Oural locality seems to be a syenite. 

It occurs in small platesf having tlie metallic lustre, and 
in which the platinum is alloyed with six or more other met- 
als. In general these plates or scales are very small, though 
they now and then occur of a large size. In the year 1814, 
a negro slave found at Condoto in the province of Choco, 
a mass of platinum weighing one pound nine ounces and a 
drachm, which was depositecf in the Royal Museum at Madrid.-f- 
The workmen of the American mines must no doubt have 
been early acquainted witli it ,* and indeed some of its properties 
are obscurely mentioned by some of the writers of the 16th 
century. Mr. Charles Wood, as^y-master in Jamaica, saw 
it in the West Indies about the year 1741. He gave some 

specimens pf it to Dr. Brownri^, who presented it to the ^ 

• 

" Omni auro inest argentum vario pondere.— Ubicunque qqjpta argent! 
portio esty electrum vocatur. Scrobes ese reperiuntur in CanaliensL Fit 
et cura electrum argento addito. Quod si quintam portionem excessit incu-^ 
dibus non resistit. Et electro auctofttas, Homero teste^ qui Menelai regiam 
auro, electro, argento, ebore fulgere tradit. Minervse templum faabet Lindos 
insulae Rhodiorum in quo Helena sacravit calicem ex electro. — Electri natura 
est ad lucernarum lumina clarius argento splendere* Quod est nativum et 
venena deprebendit. Namque discumint in calicibus arcus ccelestibus 
similes cum igneo stri^jore, et gemina ratione praedicunt.”~Lib. xxxiii* 
cap. iv. 

* Ann. de Chim. et de Phys. xxxii. 204. 

f Vauquelin discovered it in considerable quantity in the silver mines of 
Guadalcanal^ in the province of Estremadura in Spain. But this analysis 
has never been confirmed by repetition. Ann. de Chim* lx. 317. 

I. 2 u 
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Royal Society in 1760. In 1748 it was noticed by Dotf* An- 
tonio de Ulloa, a Spanish mathematician, who, in 1735, had 
accompanied the French academicians to Peru in their voivage 
to measure a degree of the meridian. A paper on it was pub- 
lished t>y Mr. Wood in Afe*’44th volume of the Philosophical 
Transactions for 1749 ani 1750. Dr. Lewis began a set of 
experiments on it in 1749, the result of which was published 
in four papers in the Philosophical Transactions for 1754, and 
afterwards two other papers were aidded.* These experiments 
demonstrate its peculiar nature and its remarkable properties. 
In 1752, Scheffer of Sweden published a dissertatibii- on this 
metal, remarkable for its precision, if we consider the small 
qidintity of ore on which he had to work, which was not more' 
than 40 grains. The experiments of Lewis were repeated, 
‘^and many curious additions made to them by Margraif in 1757.f 
These dissertations having been translated into French, drew 
the attention of the ckeniists of that country, and induced Mac- 
quer and Baume:t to make a set of experiments on platinum, 
which were soon followed by the experiments of Buffon, Tillet, 
and Morveau;§ Sickengen,]) Bergman, H Lavoisier,** and 
more lately Mussin Puschkin,-|-f- and Morveau ;:|;J and several 
other chemists of eminence have added to our knowledge of 
this mineral. But the experiments of Berzelius§§ and Edmond 
Davyd II have added most to our knowledge of its combinations. 

How reduced. The process for reducing crude platina to an ingot of pure 

malleable platinum, was brought to perfection by Dr. Wollas- 
ton, who had the merit of first supplying chemists with vessels 
of this metal, before which accurate experimenting was nearly 
impracticable. Dr. Wollastoli’s process is remarkable for its 
extreme simplicity. The‘ grains of cijide platina are put into 
. a retort, with a sufficient quantity of dilute aqua regia. The 
muriatic pcid used should be diluted with an equal measure of 
water, and the nitric acid should be what is called single aqua 
fortis. A quantity of muriatic acid equivalent to 150 marble, 
together with nitric acid equivalent to 40 marble, will take up 

* Phil. Trans, xlviii. 638, and 1. 148. See also Phil. Com. p. 443, for a 
filll detail of all the experiments on this metal made before 1763. 
f Mem. Berlin, 1757, p. 31, and Mai^graiTs Opusc. ii. 226. 
f Mem. Par. 1758, p. 1 19. § Jour. de. Phys. iii. 234. 

0 Macquer’s Dictionary. f Opusc. ii. 166. 

** Ann. de Chim. v. 137. ff Ann. de Chim. xxiv. 205. 

Ibid. XXV. 3. 

§$ Ibid. Ixxxiii. 167, and Kongl. Vet. Acad. Hand. 1828, p. 25. 

II H Phil. Meg. xl. 27, 209, 263, 350. 
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1 00k of crude platina. But at least 120 of the ore should be 
introduced in^ead of IJOO. The acids should be allowad to . 
digest for three or four days with a heat which should her 
gradually raised. Being then poured off it should be allowed 
to stand till a fine powder of ofec of iridium suspended in it 
has had time to subside. It should then be mixed with 41 
^ts of sal ammoniac previously dissolved in five times its 
weight of water. 

The yellow precipitate must bejthoroughly washed, and ulti- 
mately pressed to remo'we the last remnant of the ^ashings. It 
is next 4a^be heated with cxtraine caution in a black lead pot, 
just sufficiently high to drive off the sal ammoniac, and to occa- 
sion the particles of platinum to adhere as little.as possible ; 
for^upon this depends the success of the subsequent parts of 
the prdfcess. The gray product of platinum is now to be rub-* 
bed between the hands of the operator to reduce it to a powder 
fine enough to pass through a lawn sie^ie. The coarser parts 
are then to be ground in a wooden boVl with a wooden pestle, 
till the whole is reduced to powder. They must not be touched 
by any thing hard enough to burnish their surface, otherwise 
the process is spoiled. The powder is now to be put into a 
brass mould filled with water, taking care that no vacuities are 
left. The top of the powder is first covered with a circle of 
paper and then witli one of cloth, and it is afterwards compressed 
with the force of the hand !>y a wooden plug. A circular plate 
of copper is next laid on^the top. It is then exposed to a very 
violent pressure in a horizontal press.-)- It is now placed in a 
charcoal fire, and there heated to redness to drive off water, &c. 
and give it a firmer cohesion. 

The next process is^to place up«n an earthen stand about* 
2i inches *bove the grate of a mnd furnace (the stand being, 
strewed over with a layer of Mean quartzose sand,^ the ingot 
of platinum standing on its end, covered by a very refractory 
crucible not touching it, and |o expose it for about 20 minutes 
to the highest temperature tliat can be raised in the furnace. 
It is now to be placed on an anvil and struck while hot on the 
top with a heavy hammer, so as at one heating effectually to 
close the metal. It must never be struck on the sides ; which 
• 

* The mother liquor still retains about 11 parts of platinum^ which should 
he precipitated by a bar of iron, and dissolved in a proportional quantity of 
aqua regia. « 

f The reader will find a description of this press in Phih Trans. 1829, 
p. 4. 
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Chap. IK. ^ould cause it to crack. By this hammering it is brought I'intO 
the state of a perfect ingot fit for all purposes.** 
i/opertiefc 1. Platinusn, thus obtained, is of a white colour, like silver, 
but not so bright.f It has no taste nor smell. Its hardness is 
intermediate between that Vtf copper and iron. Its specific 
gravity when reduced from the ammonio-muriate by heat ^is 
21*47. By hammering it may be increased ^j^^th : so that its 
maximum specific gravity»is 21*5313.:f’ It isi exceedingly duc- 
tile and malleable; it may^be hammered out into very thin 
plates, and ^rawn into wires not exceeding 
meter. In these properties it is ppobably inferior to gold, but 
it seems to surpass all the o^er metals. Its tenacity is such, 
that a wire of platinum 0*078 inch in diameter is capable of sup- 
porting a weight of 274*31 lbs. aVoirdupois without breaking.} 
‘It is one of the most infusible of all metals, and cafmot be 
melted in any quantity at least, by the strongest artificial heat 
which «t»n be product. Macquer and Baume melted small 
particles of it by means of a blow-pipe, and Lavoisier by 
exposing them on red-hot charcoal'-to a stream of oxygen gas.|| 
It may be indeed melted without difficulty when combined or 
mixed with other bodies, but then it is not in a state of purity. 
Pieces of platinum, when heated to whiteness, may be welded 
togetlier by hammering in the same manner as hot iron. This 
metal is not in the smallest degre^ altered by the action of air 
or water. 

Oxides. IT. It cannot be combined with oxygen and converted into 

an oxide by the strongest artificial heat of our furnaces. Pla- 
tinum, indeed, in the state in which it is brought from Ame- 
rica, may be partially oxidized by e^cposure to a. violent heat, 
as numerous experiments ‘have proved^, but in that state it is 
not pure, but combined with a quantity of iron. Ifr cannot be 
doubted, Jjowever, that if we ‘could subject it to a suflScient 
heat, platinum would burn, and be oxidized like other metals; 
for when Van Marum exposed q, wire of platinum to the action 

* Phil. Trans. 1829, p. 1. 

To this colour it owes its name. Plata, in 8pani.sh, is " silver;” and 
platina, “ little silver,” was the name first given to the metal. Bergman 
changed that name into platinum, that the Latin fames of all the metals 
might have the same termination and gender. It had been, however, called 
pbUinum by Linnaeus long before. 

J Dr. Woljaston. § Morveau, Ann. de Chiro. xxv. 7. 

II Dr. Clarke, by means of his oxygen and hydrogen gas blow-pipe, melted 
|nec« of platinum weighing 100 grains. 
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of fts powerfi^ electrical machine,- it burnt with a faint white 

flame, and was dissipated into a species of dust, which pi1)ved — 

to be the oxide of platinum. By putting a platiflum wire into* 
the flame produced by the combustien of hydrogen gj(g mixed 
with oxygen, I caused it to burn with all the brilliancy of iron 
jidre, and to emit sparks in abundance. 

At present only two oxides of platinum are known ; the prot- 
oxide has a •colour, but the pefoxide is dark brown, 

* 1. To obtain protoxide* of platinum, we must dissolve the rrotoxwe. 
metal in nitromuriatic hcid, evaporate the solution to dryness, 
and aft8r* reducing the drjf salrto powder expose it on a por- 
celain cup to the temperature at which tin melts. Chlorine 
gas is driven olF, and a greenish gray powdei«rertiains, w^ich 
is insoluble in water, and seems to be a*protochloride of plati- 
num. If we digest tips chloride in a caustic alkaline ley at a 
gentle heat a portion is dissolved, but a black powder remains, 
whichj when well washed and dried,*i^ protoxide of fHAtinum. 

This black powder is a. hydrate : when heated in a retort it 
gives out water and oxygen gas. When heated to redness 
with combustible bodies it detonates feebly. When digested 
in acids it is generally reduced partly to the metallic state and 
partly to peroxide of platinum. 

2. Mr. Cooper has given us another processfor obtaining a black 2 . suboxwe. 
oxide of platinum, namely, pouring a neutral solution of mercury 
into a dilute solution of muriate of platinum in hot water. A 
dense powder precipitates, varying in colour from deep brown to 
yellow and sometimes olive green. It is a mixture of calomel and 
protoxide of platinum. It must bg carefully washed and dried, 
and then exposed to a heat just sufficient to volatilize the calomel. 

A deep black powder remains, whiclf is the protoxide. One hun-' 
dred graii& of it when heated^ to rednesss give off 12^ cubio 
inches of oxygen gas, and are reduced to the metallic state. 

When heated with lamp black it g^ves out tlxe same proportion 
of carbonic acid, and is reduced to the metallic state. Mr. 

Cooper, to whom we are indebted for the discovery of this 
oxide, found that it might be heated strongly when mixed with 
enamellers’ flux without being reduced. On this account he 
considers it as a valuable addition to the colours of enamellers.* 

It is obvious thal the black oxide of Mr. Cooper is not tlie 
same with that from the protochloride. For Berzelius analyzed 
this last, and found it a compound of 100 platinum, and 8*225 


* Royal Institution Journal, iii. 119. 
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of oxygen ; while Mr. Cooper’s oxide is a coippound of ‘*100 
platftium and 4*52 oxygen. I have ‘shown, by experiments 
which I consfder as conclusive, that the atomic weight of plati- 
num is cl 2.* It is obvious that the black oxide from the pro- 
tochloride is a compound of^ 

1 atom platinum 
1 atom oxygen 


While Mr. Cooper’s is a svboodde composed of 

2 atoms platinuhi . . 24 

1 atom oxygen . . 1 

25 

3. It,js rather difBcplt to procure the peroxide of platinum, 
and I am not sure that it ever has been examined in a state of 
complete purity. The process wl^cii yields it in the state of 
greatest purity is this : Through a neutral solution of platinum 
in aqua regia pass a current of sulphuretted hydrogen gas. A 
hlack precipitate falls, which is sulphuret of platinum. Wash 
it and dissolve it in nitric acid, evaporate tlie solution to dry- 
ness, and continue the heat till all the nitric acid is driven 
off. What remains is sulphate of^latinum, which dissolves in 
water, forming a dark-brown solution. Drop a solution of 
nitrate of barytes into the solution till all sulphuric acid is thrown 
down, then filter and pour caustic potash or ammonia into the 
liquid. One half of the plaviuum falls down in the state of per- 
oxide, the remaining half ..constituting a double salt remains in 
solution. The peroxide thus obtaine'd is a yelloyrish-brown 
bulky powder, which becomes darker coloured when dried, and 
then has d great resemblance to the rust of iron. In this state 
it is a hydrated oxide. When heated it gives out water and 
becomes dark brown or almost black. If the heat be raised to 
incipient redness, oxygen is given out, and the platimun 
reduced to the metallic state. Its tendency to combine with 
acids is very small. It seems in reality to possess slightly acid 
qualities, and to have a tendency to unite w;i.th bases. It would 
appear from the experiments of Berzelius tliat this oxide con- 
tsuns just twice as much oxygen as the protoxide. It is there- 
fore a compound of 


12 

1 

13 


* First Principles, i. 450. 
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1 atom platinum . . 12 ?»n»uy v. 

2f atoms ojygen . . 2 

14 

4. Mr. Edmond Davy discovened that if sulphate of platinum 
be precipitated by caustic ammonia,?ind the precipitatabe boiled 
m a weak potash ley to extract all the sulphuric acid, we obtain 
a powder which has the "property of Eliminating when heated to 
S.bout 417®. When this powder is treated with nitric acid, and 
cautiously heated a gray powder* remains undissolved, which, 
according to the analysis of Mr. E. Davy, is composed of 100 
platinum and 11*86 oxygen. This approaches to 
1 atom platinum . . 12 , 

1^ atom oxygen* . » *1*5 

13*5 

These experiments afford a presumption that the gray j[)owder 
is a sesquioxide of platinum. Thus from the facts just related 
the presumption is that th<?re exist four different oxides of pla- 
tinum, the constituents of which may be thus represented : 

Platinum. Oxygen. Platinum. Oxygen. 

1. Suboxide 2 atoms + 1 atom or 24 + 1 

2. Oxide 1 +1 12+1 

3. Sesquioxide 1 ^ + 1*5 12 + 1*5 

4. Peroxide 1 *+2, 12 + 2 

But these oxides have not hitherto been examined with suffi- 
cient care to induce us to put much confidence in the stetement 
just given. The only point which I consider as determined 
with certainty is that 12, denotes the atomic weight of platinum. 

III. Platinum does not take fir* when introduced into chlo^ CbUKdes. 
rine gas ;• but it slowly imbibes \he gas, and is converted into a 
chloride. W^e are at prcseift acquainted with only two con^ 
pounds of chlorine and platinum. * 

1. To obtain the protocMoride platinum is to be boiled in 
strong muriatic acid, adding occasionally a little nitric acid. 

The solution is to be evaporated to dryness, and then digested 
with a little muriatic acid, wliich is likewise to be driven off. 

The dry mass is to be cautiously heated nearly to redness and 
boiled with a considerable quantity of water. Being now dried 
it is pure chloride of platinum. 

Its colour is dull olive-brown or gpeen. It has rather a harsh 
feel ; but is destitute of taste and smell. It is infusible. It 
does not appear to be altered by exposure to the atmosphere. 
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Chap. XIL 


Bromide. 


Iodide. 


and it is insoluble in water, but dissolves in perchloride of plati- 
nuip. When heated to redness the ohlorine is driven off, and 
pure platinum remains. It is slightly soluble in boiling ipuri- 
atic acid, but it is insoluble in nitric, sulphuric, phosphoric, and 
acetic *hcids. When boiled^ in potash ley a black powder is 
obtained^ which yields both oxygen and chlorine by heat. When 
it Is heated with sulphur or phosphorus, chlorides of sulphur 
and phosphorus are obtained, and phusphuret or sulphuret of 
platinum. According to the experiments of Mr. Edmond Davy, 
it is composed of 100 platiniun, and. 37*93 chlorine. This is 
obviously ' » . . 

1 aton\platinuir. . . 12 

1 atom chlorine . . 4*5 


16*5 

2. The perchloride of platinum is obfained by dissolving pla- 
tinum, in nitromuriatic acid, and cautiously evaporating the 
solution to dryness to dlrive off all excess of acid. A reddish 
brown matter remains, which dissolves in water, forming a 
reddish yellow coloured solution, which is much employed by 
chemists in separating potash from soda ; an important analytical 
process, for which chemistry is indebted to Dr. Wollaston. It 
would not be easy to analyze this chloride ; but it enters into 
combination with the chlorides of potassium, sodium, and ammo- 
nium, forming double chlorides, which constitute regular salts. 
By the analysis of these chlorine saljte it has been ascertained 
that the perchloride of platinum is a compound of 

1 atom platinum . . 12 

2 atoms chlorine . ' . 9 

♦ 

ll 

21 

IV. Platinum is not acted upon by bromine or its vapour at 
the ordinary temperature of the ^tmosphere ; but it dissolves in 
bromonitric acid, and a yellow coloured bromide is formed, 
decomposable and capable like the perchloride of platinum of 

'forming insoluble yellow precipitates in salts of potash and 
ammonia.* 

V. Pleischl has observed that when iodic acid is dropt into 
a solution of bichloride of platinum a yellow precipitate frills, 
somewhat soluble in water. 


’ Bslsrd ; Ann. de Chim. et de Phjs. xxxii. 662 . 



PLATINUM. 


ees 


V>. No combination of platinum with hydrt^en, azote, or v. 

carbon, is knon^. 

VJI. It was observed by Descotils and Chenevis* that when aucct. 
platinum surrounded with charcoal was strongly heated it fused, 
and they considered the button fftftned as a carburet of plati- 
njyp. But the subject was reviewe<f by M. Boussingault, who 
found that the fused platinum had increased about half a ^er 
cent, in weight, that it hdd assumed a gpayish colour, had become 
excessively hard, and was with difficulty acted on by the file. 

Its specific gravity was reduced* to 20*5. It had lost much of 
its njalleaibility, and soon breaka under the hammer. On dis- 
solving it in aqua regia there remained one per cent, of silica. 

It appears from this that when platinum is heated, alcfng with 
charpoal powder, it unites with^ portion of silicon, which doubt- 
less existed in the charcoal powder. Accordingly when M. ' 
Boussingault made use of lamp-black instead of charcoal, the 
platinum did not fuse nor undergo any alteration .f Thiswsilicet 
of platinum appears to be^composed of*. 

33^ atAms platinum 
1 atom silicon. 

VIII. Descotils heated a mixture of platinum, borax, and Boret, 
charcoal. The platinum melted into a hard, brittle, somewhat 
crystalline button, which, when dissolved in aqua regia, left a 
quantity of boracic acid behipd. It would appear from this that 

a boret of platinum had been formed by him. 

IX. The affinity whit;^! exbts between platinum and phos- Fhosphurets. 
phorus is so considerable, that if we heat strongly a phosphate 

mixed witli charcoal in a platinum crucible, we destroy the 
crucible by converting i^ into a*p£osphiu’et. Three different 
phosphurets have been ^escribed. • 

1. When platinum is heated ^th a mixture of phosphoric , 
glass and charcoal powder, or when phosphorus is tlurown upon 
red-hot platinum, a combination is formed. The phosphuret is 
silver white, hard, crystalline, ^nd more fusible than silver. Pel- 
letier in this way made a phosphuret composed of 100 platinum 
and 28 phosphorus. This approaches 

2 atoms phosphorus . . 4 

1 atom platinum . . 12 

16 

though not very nearly. 


* Aon. de Chim. Ixvii. 98. 


f Ann. de Chim. et de Phys. xvi. 5. 
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chqk jii. 2. Mr. Edmond Davy formed a phosphuret of platin¥jm by 

beating phosphorus and platinum ioian exhausted glass tube. 

, At a tempei^ture considerably below redness they combine with 
vivid ignition and flame. Thus phosphuret of platinum has a 
bluish-gray colour. Whea- it has undergone fusion its lustre 
is little inferior to that ot lead. It crystallizes in cubes. ^Its 
specific gfravity while porous is 6. It is destitute of taste and 
smell. It is a nonconductor of eleciricityi. When strongly 
heated on platinum it unites with the metal which it perforatViS 
with holes. According to the experiments of Mr. Edmond 
Davy, it is composed of 100 platin'im and 21*21 of phosphorus. 
This is nearly equivalent to 

1^ atoms phosphorus . . 2*5 

1 atom platinum . . 12 


14*5 

3. Another phosphuret was formed by Mr. Davy by heating 
together ammonio-chloride of plafinum with about two-thirds of 
its weight of phosphorus, in small bits, in a retort over mercury. 
Towards the end of the experiment the retort should be heated 
to a dull red, to expel every tiling volatile. This perphosphuret 
of platinum has an iron-gray colour and a slight metallic lustre. 
It stains the fingers or paper, but the lustre is inferior to that 
communicated by persulphuret of platinum. Specific gravity 
5*28. It is destitute of taste and smell, and is a nonconductor 
of electricity. When heated it becomes ignited and diminishes 
in bulk without changing colour. According to the experi- 
ments of Mr. Edmond Davy, it is composed of 100 platinum, 
42*85 phosphorus. Thi^ is nearly eq’iivalent to 

2^ atoms phosphorus . . 5 

, 1 atom platinutai . . 12 

. 17 

It is not unlikely that the true composition of these phos- 
phurets may be 

Phosphorus. Platinum. 

2^ atoms -|- 1 atom 
2 + 1 • 

H +1 

But new experiments would be requisite to clear up the 
subject. 

saiphureti.: X. Platinum combines with three proportions of sulphur. 
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For tEe investigation of these compounds we are indebted to 
Mr. Edmond Davy.* , 

1. Protosulphuret of platinum was formed by mixing equal 
weights of sulphur and platinum in an exhausted glass tube and 
heating them together. Toward# the end of the proce%s the 
nui£s was heated nearly to redness to expel every thing volatile. 
Protosulphuret of platinum thus formed is of a dull bluish-g^y 
colour. Its lustre ‘is eaUthy; but when rubbed on paper it 
leaves a metallic stain. Its feel is rather harsh. It has no 
smell or taste. Its specific gravity is 6*2. It is a non-con- 
ductctr o# Electricity. It is deeomposed when heated with 
zinc filings. According to the an^dysis of Mr. Edmond Davy, 
its constituents are, 100 platinum and 19*04 sulj)hur: Had 
the sulphur united to 100 platinum, been only 16*66 instead 
of 19, the sulphuret would have been a compound of 

1 atom sulphur . . 2 

1 atom platinum . • . . 12 

14 

Now this is the composition assigned by Berzelius, but proba- 
bly only from theoretical views. 

2. When platinum is precipitated from its solution in aqua 
regia by a current of sulphuretted hydrogen gas, a black sul- 
phuret is obtained which mu$t be dried in vacuo over sulphuric 
acid, otherwise it absorbs oxygen, and is converted into sul- 
phate of platinum during the prqcess of drying, as was first 
observed by Mr. Edmond Davy. We have two analyses of 
this sulphuret. According to Vauquelin, it is the same as the 
last sulphuret, .while Mr.» E. DaVy makes it a compound of 

1^ atom Siplphur . 3 

1 atom platinuni . . 12 

15 

The opinion of Vauquelin ha% been generally adopted. From 
tlieoretical considerations, we should be led to expect that it 
should contain 2 atoms of sulphur. 

3. Persulphuret of platinum is obtained by heating a mix- 
fure of 3 parts of ammonio-muriate of platinum and 2 parts 
of sulphur in a glsfts retort over mercury. The mixture must 
be gradually heated to redness, and continued for some time 
in that heat till every thing volatile be expelled. It has a dark 

* Phil. Mag. xl. 27, 219. 
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ClMp^II. 


Seleniet. * 


Arseiiict. 


Antimonies 


iron-gray colour approaching to black. When in lump^it has 
a flight metallic lustre. It has a soft feel, when rubbed 
on paper leaves a stain similar to that of black lead. Its spe- 
cific gravity is 3*5. It is a nonconductor of electricity. It 
does hot melt though expifeed to a very strong heat. When 
heated with zinc filings combustion takes place and sulphyret 
of*” zinc is formed. When heated to redness in the open air 
the sulphur is expelled .and pure platinum* remains. Accord- 
ing to the analysis of Mr. Edmond Davy, its constituents afe, 
100 platinum 38*8 sulphur. 'This ij^bviously 

2 atoms sulphur .> •* . . 4 “ 

1 atom platinum . . 12 

16 

XI. Selenium combines readily with platinum in' powder, 
with the evolution of a great deal of* heat. The seleniet is 
gray,, pnd has not undeigone fusion. When heated the sele- 
nium combines with okygen and flies ofiF, leaving the platinum 
pure. When seleniates are heatfcd to redness in platinum cru- 
cibles, the vessels are attacked and acquire a brownish-gray 
colour. But if heat be applied to the uncovered crucible the 
selenium flies off.* 

XII. The alloy of arsenic and platinum was first examined 
by Scheffer, and afterwards by pr. Lewis. The addition of 
white oxide of arsenic causes strongly heated platinum to melt; 
but the mixture does not flow thin, .and cannot be poured out 
of the crucible. The alloy is brittle and of a gray colour. 
The arsenic is mostly expelled in a strong heat, leaving the 
platinum in the state of a spongy mass.f 

When 100 platinum is ‘heated with its own weight of arsenic 
the alloy weighs 173*5 parts. This is nearly 

2 atoms arsenic . . 9*5 

1 atom platinum . . 12 

21*5 

XIII. Platiniun easily combines with antimony. The alloy 
of equal parts is brittle, and of a much duller colour than anti- 
mony. The antimony cannot afterwards be completely sepif- 
rated by heat. When the antimony excel^ds, the platinum is 
apt to subside in slow cooling.:]: 


* Berzelius ; Ann. de Chim. et de Phys. x. 24<9. 
t Phil. Com. p. 515. f Lewis, Phil. Com. p. 521. 
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Fox has observed that antimony and platinum combine • 

with gpreat rapidity and with ignition. He is of opinion that 

platinum by alloying it with antimony, and then driving *olf 
the juitimony by heat, may be rendered sufficiently pure for 
the purposes of manufacturers.* 

XIV. Equal parts of platinum an^molybdenum melted into Aiioyn with 
a*Bard irregular brittle mass, of a close texture, a light gsay 
colour, and a met|illic bistre. Three parts of molybdenum, 

aj»d one of platinum, did nqt melt completely. The same dif- 
ficulty of fusion was exp^erienced T^hen the proportion of pla- 
tinum w^aaugmented. Tl^e specific gravity of thfe alloy was 
found by Hjelm to be 20.f ^ 

XV. Platinum unites with potassium and sodium with igioi- 

tion, as Sir H. Davy first ascertained. ^The alloy is decom- 
posed by the action of air or water. • 

XVI. We are ignorant of the alloys which platinum is capable 
of forming with the metallic bases o{ the alkaline earths and 
earths proper. 

XVII. Platinum is usiially found alloyed with iron. Dr. iron, 
Lewis did not succeed in his attempts to unite these metals by 
fusion, but he melted together cast iron and crude platina, and 
likewise steel and crude platina. The alloy was excessively 
hard, very tough, and possessed some ductility when the iron 
was about fths of the alloy. The specific gravity greatly 
exceeded tlie mean ; the platina having destroyed the property 
which cast-iron has of expanding when it becomes solid. This 
alloy, after being kept teft years, i^as very little tarnished. At 

a red heat it was brittle, and appeared, when broken," to be 
composed of black grains, without nny metallic lustre. J Mr. 

Stodart and Mf. Faraday Found that ^he toughness and smooth- 
ness of stegl were ver^ much improved Sy alloying it with 
-j-^gth of its weight of platinum# They recommend this alloy 
as particularly valuable for articles of cutlery.§ 

XVIII. We are unacquainted witk the alloys which pla- 
tinum forms with nickel, col^it, manganese, uranium, and 
cerium. 

XIX. Dr. Lewis found that platinum unites with the fumes zinc, 
of zinc reduced from its ore, and acquires about ^d of addi- 
tional weight. The two metals very readily melt, even when 

* Annals of Philosophy, xiiL 467. 

f Hjelm, Crell’s Annals, iii. p. 52, Eng. Trans, and Ann. de Chim. iv. 17. 

t Phil. Com. pp. 534 and 551. § Phil. Trans,, 1822, p. 257. 
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the zinc does not exceed |th of the platinum. The aj^oy is 
very brittle, of a bluish white colour, and Uiuch harder than 
zinc. One twentieth of platinum destroys the malleability of 
zinc, and :^th of zinc renders platinum brittle.* 

XX . The alloy of plat^um and cadmium has a light silver 
white Qolour. It is granular, and has a conchoidal fracture. 
Itris very brittle and very fusible. When heated till the excess 
of cadmium is driven off, it is compcsed of 100 platinum and 
117*3 cadmium. This is equivalent to 

2 atoms cadmium . 14 

' 1 atom platinum^ , . . 12 

, 26 
Bismuth. XXI. Bisfouth apd platinum readily melt and combine when 
' exposed rajiidly to a strong heat. Dr. Lewis fused the metals 
in various proportions, from 1 of bismuth to 24 with 1 of 
platinum. The alloys „were all as brittle, and nearly as soft, 
as bismuth ; and when broken, the fracture had a foliated 
appearance. When this alloy is»exposed to the air, it assumes 
a purple, violet, or blue colour. The bismuth can scarcely be 
separated by heat.f 

i.ead. XXII. Dr. Lewis fused crude platina and lead together in 

various proportions ; a violent heat was necessary to enable the 
lead to take up the platinum. Hence a portion of the lead was 
dissipated. The alloys had a fibrous or leafy texture, and soon 
acquired a purple colour when exposed to the air. W^hen 
equal parts of the metals Were used, the alloy was very hard 
and brittle ; and these qualities diminished with the proportion 
of platinum. When the 'alloys were melted again, a portion 
of the platinum subsided.:];, Many experiments have been made 
with this alloy, in order, ii possible, to purify platinmn from 
other metals by cupellation, afe is done successfully with silver 
and gold. But scarcely any of the experiments have suc- 
ceeded: because platinum requires'a much more violent heat 
to keep it in fusion than can be easily given.§ 

Tin, XXIII. From the experiments of Dr. Lewis we learn, that 

tin and platinum readily melt, and form an alloy which is 
brittle and dark coloured when the proportions of the two 
metals are equal, and continues so till tke platinum amounts 
only to gth of the alloy ; after this the ductility and white 

* Phil. Com. p. 520. 

Ibid. p. 512. 
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f Ibid. pp. 509, 573. 
§ Ibid. p. 561. 
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coloip* increase as the proportion of platinum diminishes. 

When this allo^ is kept, its surface gradually tarnishes and — ! 

becomes yellow, but not*so readily if it has been, polished.* 

When tinfoil and platinum foil are wrapt up together and. 
exposed to the action of the blow-jype, or simply to th^ flame 
of a candle, they combine instantaneously with the evolution 
of^ great deal of light and* heat which continues for sqpie 
time. This curious experiment was first made by Mr. Robert 
biox of Falmouth;! and has been since very often repeated, 
especially by Dr. Clarke*! 

XXIV. , Platinum may be alloyed with copper by fusion, C(^>pcr, 
but a strong heat is necessaryr The alloy is ductile, hard, 
takes a fine polish, and is not liable to tarnish. This alloy has 
been employed with advantage for composingiithe mirrors of 
reflecting telescopes. The platinum dilutes the colour of the , 
copper very much, and»even destroys it, unless it be used spar- 
ingly. For the experiments made upon it we are indebted to 

Dr. Lewis.§ Strauss has lately proposed a method of coat- 
ing copper vessels with pkit|num instead of tin ; it consists in 
rubbing an amalgam of platinum over the copper, and then 
exposing it to the proper heat.|| 

XXV. Mr. Cooper has formed an alloy of 7 parts platinum, 

16 copper, and 1 zinc, that has much the appearance of pure 
gold. The copper and platinum are first fused, with the usual 
precautions of covering thfi metals with charcoal and adding 
a flux of borax. WTen it is in perTect fusion it .is removed 
from the fire, the zinc is ’added, and the mixture stirred. This 
alloy is very ductile, is not oxidized by exposure to fhe air, 
and is not dissolved by nitric acid«except at a boiling heat.f 

XXVI. Dr! Lewis attempted to^form an amalgam of plati- Mero^pr. 
num, but succeeded only imperfeetly, as was the case also with ” 
Scheffer.** Guyton Marveaw. succeeded by means of heat. 

He fixed a small cylinder of platinum at the bottom of a tall 
glass vessel, and covered it with mercury. The vessel was 
then placed in a sand-bath, find the mercury kept constantly 
boiling. The mercury gradually combined with the platinum ; 
the weight of the cylinder was doubled, and it became brittle. 

When heated strongly, the mercury evaporated, and left the 

* Philos. Commerc’e, p. 510. f Annals of Philosophy, xiii. 467. 

t Ibid. xiv. 229, 470. § Philos. Commerce, p. 629. 

II Nicholson’s Journal, ix. 303. 

if Journal of the Royal Institution, iii. 1 19. 

*• Lewis, Phil. Com. p. 508. 
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platinum partly oxidated. It is remarkable that the'platipum, 
notwithstanding its superior specific gravity, always swam upon 
the' surface of the mercury, so that "Morveau was under the 
necessity of fixing it down.^ 

Th^ simplest and easiest^ way of combining platinum and 
mercury was pointed out by Muschin Pushkin. It consists 
in ^^iturating with mercury the fine powder obtained by pic- 
cipitating platinum from nitro-muriatje acid by sal ammoniac, 
and exposing the precipitate to a graduated heat. Some tri- 
turation is necessary to produce the commencement of com- 
bination ; but when once it begins it goes on rapidly. Small 
quantities of the platinum and mercury are to be added alter- 
nately till the proper portion of amalgam is procured. The 
excess of meiv^ury is then separated by squeezing it through 
leather. The amalgam obtained is of a fine silvery whiteness, 
and does not tarnish by keeping. At first it is soft, but gra- 
dually acquires hardness. It adheres readily- to the surface of 
glass, *and converts it into a smooth mirror. 

XXVII. When silver and platinum are fused together (for 
which a very strong heat is necessary), they form a mixture, 
not so ductile as silver, but harder and less white. The two 
metals are separated by keeping them for some time in the 
state of fusion ; the platinum sinking to the bottom from its 
weight. This circumstance would induce one to suppose that 
there is very little affinity betwertx them. Indeed Dr. Lewis 
found, that when the tWo metals were melted together, they 
sputtered up as if there were a kind of repugnance between 
them.'" The difficulty of uniting them was noticed also by 
Scheffer .f 

XXVIIT. Dr. Levds found that gold united with platinum 
when they were melted together in a sti'ong heat. He employed 
only crude platina ; but Vauquelin,. Hatchett, and Klaproth, 
have since examined the properties of the alloy of pure platinum 


* Ann. de Chim. xxv. 12.— This was doubtless owing to the strong cohe- 
sion which exists between the particles of mercury. If you lay a large mass 
of platinum upon the surface of mercury, it sinks directly on account of its 
weight ; but a small slip (a platinum wire, for instance,} swims, being unable to 
overcome the cohesion of the mercury. However, if you plunge it to the 
bottom, it remains there in consequence of its supeHor weight. If heat be 
now applied to the bottom of the vessel, the wire comes again to the surface 
being buoyed up by the hot mercury, to which it has begun to adhere! 
These facts explain the seeming anom^y observed by Morveau. 

•f Lewis’s Pbilosoph. Commerce, p. 522. 
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and g^old.* To fonn the alloy» it is necessary to fuse tilie 

metals with a stfong hea^ otherwise the platinum is only c(j[s- 1 

persed through the gold. When gold is alloyed with this 
metal, its colour is remarkably injured ; the alloy having the 
appearance of bell-metal, or rath«a of tarnished silver,* Dr. 

Lewis found, that when the platinum amounted only»to -^th, 
th'S'alloy had nothing of the colour of gold; even part’of 
platinum greatly ijjjured* the colour pf the gold. The alloy 
fowled by Mr. Hatchett of pearly 1 1 parts of gold to 1 of pla- 
tinum, had the colour of tarnished silver. It was very ductile 
and elastijp.* From Klaproth wq learn, that if the platinum 
exceed the colous of the alloy is much paler 

than gold ; but if it be under xV*^» colour of the gold is not 
sensibly altered. Neither is tiiere any akeratitm in the duc- 
tility of die gold. Platinum may be alloyed with a consider- 
able proportion of gold* witliout sensibly altering its colour. 

Thus an alloy of 1 part of platinum with 4 parts of gold can 
scarcely be distinguished in appearancd from pure platinum. 

Tlie colour of gold does notobecome predominant till it con- 
stitutes eight-ninths of the alloy .t 

From these facts it follows, that gold cannot be alloyed 
with x'^th of its weight of platinum, without’ easily detecting 
the fraud by the debasement of the colour ; and Vauquelin has 
shown, that when the platinum does not exceed xo^’ may 
be completely separated from gold by reeling out the alloy into 
thin plates, and digesting ,it in nitric acid. The platinum is 
taken up by the acid while the gold remmns. But if the quan- 
tity of platinum exceeds cannot be separated com- 

pletely by that method.^; 

SECTION 5ll. OF PALLADIUM. 

This metal , was discovered by* Dr. Wollaston in 1803, and 
the first account of its properties circulated without any inti- 
mation of the discoverer, or the source whence the metal was 
obtained. It was examined by Mr. Chenevix, who endea- 
voured to show that it was a compound of platinum and mer- 
cury. But his attempt was unsuccessful. Soon after Dr. 
Wollaston announced that he was the discoverer of palladium, 
and that he had obtained it from crude platina. It has been 

* Vauquelin, Manuql de I’Essayeur, p. 44. — Hatchett, on the Alloys of 
Gold, &c. Phil. Trans. 1803.— Klaproth, Journal de Chimie, iv. 29. 

j Klaproth, Journal de Chimie, iv. 29. 

t Manuel de I’Essayeur, p. 48. 

.1. 2 X 
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ch^ III. siucB examined by M. Vauquelin,* * * § and two sets of experments 
on it have been published by Berze?,ius.f 

Dr. Wollaston separated palladium from crude platina by 
the following process : 

D&solve crude platinir 4n nitro-muriatic acid, and into the 
solutioii, previously freed from any excess of acid, drop a 
quantity of prussidte of mercury. X In a short time the hquid 
Incomes muddy, and a^pale yellowish white matter falls down. 
This precipitate, washed, dried, end exposed to a strong heat, 
leaves a white matter, wliich is palladium.§ The powder of 
palladium thus obtained is to be combined with &ulphur, and 
each cake of the sulphuret, after being fused, is to be finally 
purified by cupellation in an open crucible with borax and a 
little nitre, The eulphuret is then to be roasted in a low red 
heat, on a flat brick, and pressed when reduced to a pasty con- 
sistence into a square, or oblong, and perfectly flat cake. It 
is again to be roasted very patiently, at a low red heat, till it 
becomes spongy on tne surface. During tliis process sulphur 
flies off in the state of sulphuioils acid, especially when the 
heat is allowed to subside. The ingot is then to be cooled, 
and when cold is to be tapped with a light hammer, to beat 
down the spongy excrescences on the surface. The alternate 
roastings and tappings require the utmost patience and perse- 
verance before the cake can be made to bear hard blows. But 
it may be made so flat, and so square, as to bear being passed 
through a flatting mill, and so laminated to any degree of 
thinness. II 

Froperue*. I« Palladium thus obtained is a white metal, which, when 
polished, bears a very close resemblance to platinum. 

It is rather harder than wrought iron. Its specific gravity 
varies according to the state in whicl it is exhibited. When 
completely fused, Mr. Chenevix found it 11’871 ; but some of 
the pieces exposed to sale were as low as 10'972. I found 
the specific g^vity of a piece of rolled palladium, which had 
been heated to redness and allowed to cool, 1 1 *7 1 8. Vauquelin 
obtained it when rolled, as high as 12 and a small fraction. 

• Ann. de Chim. Ixxxviii. 167. 

f Annals of Philosophy, Hi. 364, and Kong. Vetens. Acad. Handl. 1828, 

ps 

. ^ A salt to be described in a subsequent part of this Work. 

§ Wollaston on the Discovery of Palladium, Philosophical Transactions, 
1805. 

II Phil. Trans. 1829, p. 7. 
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The specific gravity, as stated by M. Breant, is 12.* This v. 
nearly agrees vwth an experiment of Mr. Lowry, who found 
it 12-148. 

It seems to be as malleable as platinum itself. It possessed 
but little elasticity, breaks with a fij;>r'ous fracture, and appears 
of a crystallized texture. 

*'11 is not altered by exposure to the air. It requires a v^y 
violent heat to fu^ it. • Mr. Chene^ix succeeded in melting 
itf but was not in possessipn of the means of estimating the 
temperature. 

Vauquplin fused it on charcqal by a jet of oxygen gas. 

When the heat was continued the metal boiled and burnt, 
throwing out brilliant sparks. A portion of the n\etal which 
escaped the combustion was dissipated and con9ensed.on the 
surface <ff the charcoal in very small grains. Platinum melted 
in the same way does hot burn like palladium, which shows 
that this last metal is more volatile and more combustihlg. 

II. When strongly heated its surface assumes a blue colour ; oxide*, 
but by increasing the tempecature the original lustre is again 
restored. This blue colour is doubtless a commencement of 
oxidizement. But it is entirely superficial, and does not occa- 
sion any sensible increase in the weight of the metal. It is 
removed by passing a current of hydrogen gas over the hot 
metal. From the recent experiments of Ilerzelius, it appears 
that palladium combines with two proportions of oxygen, and 
forms two oxides, which have been hitherto very imperfectly 
examined. 

The protoxide may be obtained by fusing palladium in 
powder with potash and a little uitA. But this process is not 
a goqd one. We may obtain it als(^ by dissolving palladium 
in fuming nitric acid, evaporating ^le solution to dryness, and 
exposing it to a heat approachiri^ ignition till the nitric acid is 
perfectly dissipated. The protoxide of palladium i? a black 
powder, tasteless and insoluble in water. * It does not readily 
dissolve in acids, and requires boiling before we can obtain a 
complete solution of it in muriatic acid. When precipitated 
from nitric acid by an alkali, we obtain it in the state of brown- 
ish yellow hydrate. There is reason to suspect that it is solu- 
ble in alkaline leys. , From the analysis of the chloride of pal- 
ladium by Berzelius, which will be stated below, there is reason 
to believe that the atomic weight of this metal is 6-75. If this 


* Schweigger’s Jahrbuch, ix. 357. 
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Chap. 


Chlorides. 


number be a near approximation to the truth) the protoxide will 
be a compound of , 

* 1 atom palladium . . 6*75 

1 atom oxygen . . 1 

7-76 

and its atomic weight wjU be 7*76. 

III. From the late researches <pf Berzelius, we learn that 
the chlorides of palladium, like the oxides, are two. 

1. Protochloride may be fqgrmed by dissolving tbe^rotoxide 
in muriatic acid, and evapocating to dryness. But in this state 
it'-has not hitherto been examined. It possesses the property, 
like the chloride of , gold and platinum, of combining with the 
chlorides of potassium, sodium, and ammonium, and of forming 
with them crystallizable salts : showiiig that it possesses acid 
proper, Jies. Berzelius analyzed the potassium-chloride of pal- 
ladium. In one experiment he found it a compound of 


Chlorine 

4*5 

Palladium 

6*93 

Chloride of potassium 

9*75 


21*18 

and in another of 


Chlorine 

4*6 

Palladium 

6*801 

Chloride of potassium 

9*527 


20*828 


The firsi. of the chlorides had been fused. We see from the 
weight of chloride of potassium, that a little of the chlorine had 
been driven off. This makes the weight of palladium in the 
first analysis a little too high. In the second analysis the chlo- 
ride had been strongly dried in a current of dry air. In it the 
weight of chloride of potassium approaches much nearer to 9*5, 
•the true number ; but it exceeds it a litl^e. Hence I consider 
the weight of palladium 6*801, a little above the true ratio; 
because a little of the chlorine had even in this case been driven 
off. But these two analyses, compared with each other, leave 
little doubt that the true constitution of this chloride is 
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1 atom chlorine 

4*5 

tmdly V, 

1 aton* palladium 

6*75 

Sqpt ilL 

1 atom chloride of potassium 

9*5 

• 



20*75 



This is my reason for pitching upon 6*75 as the atomic weight 
of palladium. , 

2. The perchloride pf palladium has not hitherto been 
examined in a separate state. It has ‘only been obtained com- 
bined with chloride of j^otassiupi.* Berzelius obtained it by 
dissolving, the preceding double chloride in aqua* regia» and 
evaporating to dryness. Towards the end of the process deut- 
oxide of azote is disengaged, and a red salt is deposited in 
microscopic crystals. These crystals consist of»a dOmhination 
of perchloride of palladium with chloride of potassium. * Berze- 
lius subjected them to analysis, and showed that they consist of 
2 atoms chlorine ... 9 

1 atom palladium . . , . 6*75 

1 atom chloride*o^ potassium . 9*5 

25*25 

When these crystals are very small their colour is cinnabar 
red, but when large they are reddish brown. When heated 
chlorine is disengaged, and the protochloride fuses. Water 
decomposes this salt, chlorinfe being dissolved, and protochloride 
remaining undissolved. When boiled in water a gi’eat deal of 
chlorine is disengaged, lAuriatic aeid remains in the liquid, and 
an oxide of the colour of amber precipitates. 

The nature and properties of*these double chlorides will 
come under oGr review ih a subsequent part of this work. 

IV. T^p bromides find iodide^ of palladium are still unex-* 
amined. Nor is any thing laaown respecting the compounds 
which this metal may be capable of forming witk hydrogen, 
azote, boron, silicon, or phosphorus. 

V. When a plate of palladium is put into the flame of a carburet, 
spirit lamp near the wick, it becomes, covered with a coating 

of soot which augments continually. If we burn this soot it 
leaves a metallic residue. A thin plate of palladium heated in 
this way becomes quite brittle. We see from this that palla- 
dium has an affinity for carbon.* There is reason to believe 
that platinum agrees with palladium in this property. 


* Wohler, Ann. des Mines, xii. 22S. 
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Sdeniet 


AUoyg. 


VI. Palladium unites very readily to sulphur. Whep it is 
strongly heated, the addition of a little sulphur causes it to run 
into fusion immediately, and the sulphuret continues in a liquid 
state till it he only obscurely red-hot. Sulphuret of palladium 
is rath/^r paler tiian the pip'p metal, and is extremely brittle. 
By means of heat and air, the sulphur may be gradually dis- 
sipa^ted, and tlie metal obtained in a state of purity. Accord- 
ing to the experiments of Vauquelin, the sulphuret of palladium 
is a compound of 100 palladium qnd 24 sulphur. This ap- 
proaches 

' 1 atom palladium . . 6*75 

1 atom , sulphur ^ . . 2 

8-75 

, But there is a slight excess of palladium. The reason of this 
may be that the metal retains a small ‘portion of the sulphur 
obstinately. 

VII. Palladium and selenium unite with facility, and heat is 
disengaged during the combination.' The compound is gray 
and coherent, but has not undergone fusion. When it is 
exposed to the action of the blow-pipe, selenium is disengaged, 
and the alloy fuses into a grayish white metallic button, which 
is brittle, and has a crystalline fracture. Hence it still contains 
selenium.* 

VIII. Mr. Chenevix alloyed palladium with various metals. 
The following are the results which he obtained : 

1. “ Equal parts of palladium and gold were melted toge- 
ther in a crucible. The colour of the alloy obtained was gray ; 
its hardness about equal to that of wrought iron. It yielded 
to the hammer ; but was less ductile than each metal separate, 
and broke by repeated percussions. Iis fracture was coarse- 
grained, and bore marks of crystallization. Its specific gravity 
was 11*07S*. 

2. “ Equal parts of platinum and palladium entered into 
fusion at a heat not much superior to that which was capable of 
fusing palladium alone. In colour and hardness this alloy 
resembled the former ; but it was rather less malleable. Its 
specific gravity I found to be 15*141. 

3. “ Palladium alloyed with an equal weight of silver, gave 
a button of the same colour as the preceding alloys. This was 
harder than silver, but not so hard as wrought iron ; and its 

* Berzelius, Ann- de Chim. et de Phys x. 248. 
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polis^d surface was somewhat like pladna, but whiter. Its v. 
specific gravity was 1 1 *290. ^ 

4. “ The alloy of equ^l parts of palladium and copper w^ a 
little inore yellow than any of the preceding alloysf and broke 
more easily. It was harder than wrought iron ; and by the file, 
assumed rather a leaden colour. iSj^eicific gravity 1 0*392. 

•SI ” Lead increases the fusibility of palladium. An*alloy of 
these metals, but iu unknown proportions, was of a gray colour, 
and its fracture was fine-grained. Iff was superior to all the 
former in hardness, but was* extremely brittle. I found its spe- 
cific gravity to be 12*00ft. 

6. *“ itfqual parts of palla^um Tand tin gaVe a grayish button, 
inferior in hardness to wrought Iron, and extremely brittle. 

Its fracture was compact and fine-grained, i^ecific 'g^a^^ty 
8*1/5. . ‘ ■ 

7. “ With an equal weight of bismuth, palladium gave a 
button still more brittle, and nearly as hard as steel. Its colour 
was gray ; but when reduced to powder it was mucl» darker. 

Its specific gravity I found to be 12*587. 

8. “ Iron, when alloye(f with palladium, tends much to 
diminish its specific gravity, and renders it brittle. Arsenic 
increases the fusibility of palladium, and renders it extremely 
brittle.”* 


SECTION I**. OF RHODIUM. 

Rhodium was discovered by Dr. Wollaston in 1 804. While History. 
Mr. Smithson Tennant iVas engaged in the examination of the 
black powder that remains undissolved when crude platina is 
treated with nitro-muriatic acid. Dr. Wollaston produced soda- 
muriate of rhbdium, and presented it to Mr. Tennant as con- 
taining oqe of the neSv sub8tan(ys*of which he was in quest.* 

Mr. Tennant soon satisfied himself that it was quite different^ 
from his new metals. Upon this. Dr. Wollaston iyivestigated 
its properties, and gave it the name of rhodium. It has been 
lately examined by Berzeliu«.f 

It may be procured from crude platina by the following 
method of Wollaston : 

The platina was freed from mercury by exposure to a red 

* See Chenevix’s Iilfiuiries concerning the Nature of a Metallic Substance 
called Palladium, Phil. Trans. 1803; and Wollaston’s Paper on a New 
Metal found in Crude Platina, Ibid. 1804; and on the Discovery of Palla- 
dium, Ibid. 1805. 

f Kong. Vet. Acad. Hand. 1828, p. 27, 
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Chap, iii heat, and firom gold and other impurities by digestion in a small 
quantity of dilute nitro-muriatic acid in a moderate sand heat, 
till the acid was saturated, and the whole was dissolved, except 
a shining-black powder, from which the solution was sepasrated. 
X solution of sal ammoniac in hot water was poured into this 
solution, in order to separate the platinum ; the greatest part 
of whidh was precipitated in the form of a yellow powd6r.- 
Into the solution thus freed from its platinum, a piece of clean 
zinc was immersed, and allowed to remain till it ceased to pro- 
duce any farther effect. By the zinc a black powder was thrown 
down, which was washed and treated with very d’lute nitric 
acid in a gentle heat, in order to dissolve some copper and lead 
mth which it was contaminated. It was then washed and 
digested in d^ute nitro-muriatic acid till the greater part was 
dissolved. To this solution some common salt was added. The 
whole was then gently evaporated to dnyness, and the residuum 
washed repeatedly with small quantities of alcohol till it came 
off nearly colourless. ^By this means two metallic oxides are 
washed off in combination with common salt, namely, the oxides 
of platinum and palladium. There remained behind a deep 
red-coloured substance, consisting of the oxide of rhodium 
united to common salt. By solution in water and gradual 
evaporation, it forms rhomboidal crystals of a deep-red colour, 
whose acute angles are about 75°. When these crystals are 
dissolved in water, and a plate of z'Jnc immersed in the solution, 
a black powder precipitates ; which being strongly heated with 
borax becomes white, and assumes a metallic lustre. In this 
state it is rhodium. From Wollaston’s analysis it follows, that 
crude platina contains abouA 1 part in 250 of rhodium. 

Properties. I. Rhodium, thus obtained, is of u white colour, not much 
differing from that of platinqm. Its specific gravity, according 
^to Mr. Lowry, is 10'649. It is britjtle> and requires a much 
higher tepiperature to fuse'^ it than any other metal, unless 
iridium be an exception. Vauquelin was unable to fuse it on 
charcoal, though the combustiou was increased by a jet of 
oxygen gas. Dr. Wollaston has never been able to fuse it so 
completely as to obtain it in a solid mass free from cavities. 
Its fracture is granular, and in hardness it appears fully equal 
to iron. Indeed, when Dr. W^ollaston ga^e it to the London 
lapidaries to cut, they informed him that it was more injurious 
to their tools than the diamond itself. 

It has the remarkable property of being insoluble in all acids. 
11. From the late researches of Berzelius, there is reason to 


OxidM. 
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believe that rhodium combines witih two proportions of oxygen, v. 
and forms two basides. 

^ ^ ^ ^ ________ 

1.^ The peroxide may be procured by precipita^ng sodium- . 

chloride of rhodium with caustic potash, taking care not to add 
the alkali in too great quantity, which would redissolve &e pre- 
cipitate. Ypllow flocks fall, whicB constitute the peroxide. 

^^en dried it assumes a brown colour, and it cannot be fifted 
from the precipitating filkali. Whgn the heat is somewhat 
strong it becomes black. .Whether in Ais state it constitute 
the protoxide is doubtful.* From* the analysis of the perchlo- 
ride of rdiedium by Berzelius, wjiich will be given below, there 
is reason to believe that the atomic weight of this metal is 6*75, 
and that the chlorine in the two chlorides are to each othev as 
1 to . 1 ^ . The oxides must be<analogous, and of* course^e per- 
oxide "v^ill be a compound of 

1 atom rhodium . . 6*75 

atom oxygen . . 1*5 


8*25 - 

so that its atomic weight will be 8*25. 

2. When sulphurous acid was added to the potassium-chlo- 
ride of rhodium, a pale yellow powder gradually fell, and the 
red colour of the liquid diminished. When this precipitate was 
dried it became almost whjjte, and when heated gave out sul- 
phurous acid :j,and oxygen, and there, remained bisulphate of 
potash and oxide of rhqdium. This salt seems to be a com- 
pound of 

1 atom sulphate of potash, 

1 atom sesquisulpkate of rhodium. 

When carbonate of ^oda is mixed with a solution of this salt, , 
a gelatinous oxide precipitates of ^ deep greenish yellow colour.^ 

This Berzelius considers^ the protoxide of rhodium. But it 
has not been examined nor obtained in a state of purity. The 
protoxide is obviously a comjipund of ‘ 

1 atom rhodium . » . 6*75 

1 atom oxygen . . 1 

7*75 

and its atomic weight is 7*75. 

III. There are two chlorides of rhodium ; which, however, cworides. 

* I made no experiments on the black oxide, not being in possession of 
enough of the oxide for any trials. 
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have, not yet been obtained in an isolated state, but o^dy in 
combination with chloride of potassiupa or soditim, with which 
they unitejjn the manner of acids. The first of these is tlie 
sodium-chloride of rhodium, first obtained by Dr. Wollaston, 
and described in tlie beg^nuiag of this section. I analyzed this 
salt a good many years ago, and have stated the result in^my 
“ First Principles of Chemistry.” I found the constituents 


Rhodium 

• 

^5-5 

Chlorine .• 

• 

4-5 

Common salt 

m 

7*5 

Water . * . 

m 

11*25 



28*75* 


Berzelius 'made two analyses of this salt, previously^ dried as 
much as possible. By the first he foifnd the salt composed of 


Rhodiuin 

4*461 

Chlorine . . • . 

4*5 

Common salt 

’ 7*58 


16*541 

By the second analysis he obtained 


Rhodium . . 

4*4605 

Chlorine . 

4*5 

Common salt^. 

7*421 

1 1 

He analyzed also the potassium-chloride of rhodium, which 

he found a compound of 


Rhodium . .. . ^ 

4*412 or 6*618 

Chlorine . , • , • 

4*5 or 6*75 

Chloride of potassium ' 

6*309 or 9*464 

This is evidently atom of chloride of rhodium united to one 


atom of chloride of potassium. ' These analyses agree so nearly 
with each other that they are certainly very near the truth. As 
there is another chloride of rhodium, in which the chlorine is 
to the quantity united to the rhodium in the preceding analyses 
as two to three, there is every reason to consider these as 
compounds of 1 atom rhodium and atom chlorine. If this 
be the case the atomic weight of rho^um will be by 


See “ First Principles,” p. 462. 
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1st analysis 

2d 

9d 


Fantilr V. 
SeA. IV. 


3>l9-998 

• 

Mean 6-666 

But as the commoi^ salt ki the second analysis, and the chloride 
of«potassium in the third, arejessthan the atomic quantities, there 
is reason for suspecting a flight e]:cess of cfilorine in these salts, 
which wqpld tend to sink ^e aj;om of rhodium a fittle below 
the truth. This is the reason why^ I have pitched upon 6-75 
as a number that must be very near the truth. 

2. ^When the peroxide of rhodium is digested ill muriqjtic acid 
without S:he application of any artificial heat, a reS solution is 
obtained, and there renoCains a grayish-red powder, which when 
dried, coheres together, and bears a*moderate heat yithout 
decomposition. Berzelius has shown h to be a compound of 
4-5. chlorine and 6-75 rhodiuin* We see, therefore, that it is 
protochloride. This analysis corroborates the propriety of 
assuming 6-75 for the atomic weight of rhodium. 

IV. The other compounds of rhodium with simple bodies still 
remain unknown. 

Though rhodium be insoluble in acids, and though its oxide 
obtained by heat is also nearfy insoluble, Berzelius has shown 
that it may be dissolved by ignition in a covered platinum cru- 
cible along with bisulphate of pot^h. By this means it may 
be separated from platinum and iridium. Palladium is soluble 
likewise in bisulphate of potash^ ‘But if the two metals be 
reduced to the nietallic statb by a currgnt of hydrogen gas, aqua 
regia will digsolve the p&lladium and leave the rhodium. 

V. Rhodium unites readily with sulphur, and, like palladium, 
is rendered fusible by it ; so also is it with arsenic. The arsenic 
or sulphur may be expelled by means of lueat ; but the metallic 
button obtained does not becoiHe malleable. 

VI. The following are the result of the experiments made Anoy#. 
by Dr. Wollaston to alloy rhodium with other metals. 

“ It miites readily with all metals that have been tried, except- 
ing mercury and with gold or silver it forms very malleable 
alloys, that are not oxidized by a high degree of heat, but become 
incrusted with a black oxide when very slowly cooled. 

“ When 4 parts of gold are united with 1 of rhodium, although 
the alloy may assume a rounded form under the blowpipe, yet 
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chap.ui. geems to be more in the state of an anuJgam than iiycom- 
plete fusion. 

« -When^six parts of gold are alloyed with one of rhodium, 
iSie compound may be perfectly fused, but requires far more 
heat than fine gold. Thera is no circumstance in which rho- 
dium differs more from platind than in the colour of this alloy, 
which might be taken for fine gold by any one who is not very 
much accustomed to disc|*iminate the different qualities of gold. 
On the contrary, the colour of ‘an alloy containing the saue 
proportion of platina differs bvt little from that of platina. This 
was originally observed by Dr. D'^wis. ‘ The colon,’* was still 
so dull and pale, that the compound (5 to 1) could scarcely be 
judged by the eye to contain any gold.’* 

“I find that palladium resembles platina in this property of 
destroying fhe colour of a large quantity of gold. When 1 part 
of palladium is united to 6 of gold, th6 alloy is nearly white. 

“ When I endeavoured to dissolve an alloy of silver or of 
gold with rhodium, the rhodium remained untouched by either 
nitric or nitro-muriatic acids ; and when rhodium had been fused 
with arsenic or with sulphur, or when merely heated by itself, 
it was reduced to the same state of insolubility. But when 1 
part of rhodium had been fused with 3 parts of bismuth, of cop- 
per, or of lead, each of these alloys could be dissolved com- 
pletely in a mixture of 2 parts, by measure, of muriatic acid 
with 1 of nitric. With the two former metals, the proportion 
of the acids to each other seemed npt to be of so much conse- 
quence as with lead ; but the lead appeared on another account 
preferable, as it was most easily separated when reduced to an 
insoluble muriate by evaporation. The muriate of rhodium had 
then the same colour and properties as when formed from the 
yellow oxide precipitated from the original salt.”"!: 

Mr. Stodart and Mr. Faraday found that rhodium and steel 
could be melted together in any proportion. Equal parts of 
these two metals gave a button, which, when polished, exhibited 
a surface of the most exquisite beauty. It was the finest imagin- 
able for a metallic mirror, did not tarnish by long exposure, and 
had a specific gravity of 9*176.| This was an alloy Jcomposed 
nearly of 

2 atoms steel . . 7 

1 atom rhodium . . 6*75 

* Lewis’s Phil. Com. p. 528. 
f See Dr. Wollaston’s paper, Phil, Trans. 1804. 
t Phil. Trans. 1822, p. 256. 
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Di, Wollaston made silver pens tipped with rhodium, which, 

from the g^eat Jiardness of that metal, were not liable to be f — L 

injured by use. 


SECTION V.-— OF IRIDIUM. 

This metal was discovered by Mr^Smithson Tennant in 1803; mstory. 
ITut* before he communicated the result of his experimentg, a 
dissertation was published on it by Descotils in the Annales de 
Ghimie, who had made the .same diScovery ; and the subject 
was afterwards prosecuted more in detail by Vauquelin and 
Fourcroj., 

When crude platina is dissolved in nitro-muriatic acid, espe- 
cially if the acid be dilute, and only a moderate heat applied, 
there remains behind a quantity of black shiain^ powder in 
small scales, which preceding chemists had mistaken for black 
lead. Mr. Tennant eramined these scales, found their specific 
gravity to be 10*7, and that they consisted of two unknown 
metals united together. The first of, these metals called 
iridium^ from the variety«of^colour» which its solutions exhibit ; 
to the second he gave the name of osmium^ from the peculiar 
smell by which its oxides are distinguished. 

Dr. Wollaston discovered, that in crude platina there exists 
another substance very similar to the grains of platina in appear- 
ance, but differing altogether in its properties. It consists of 
fiat white grains, often distinctly ^foliated. They are not solu- 
ble in any acid, and their specific graVity is no less than 19*25, 
which is higher than that of any* other mineral ; the grains of 
platina by the trials of this accurate chemist not exceediug 1 7*5. 
These metallic grains are separated when the platina is dissolved 
in nitro-muridtic acid. Dr. Wollaston has ascertained them to 
be a comppund of iridium and osmium. They are, therefore* 
of the same nature witji th& black powder examined by Mn 
Tennant. 

To separate the two metals from each other, the black pow- 
der is to be heated to redneSs in a silver crucible with its own 
weight of potash, and kept in that state for soine time. The 
potash is then to be dissolved off by water. A solution is obtained 
of deep orange-colour. The portion of powder that remains 
undissolved is to Ije digested in muriatic acid. The acid becomes 
first blue, then olive-green, and lastly deep-red. The residual 
powder, which , has resisted the action of these agents, is to be 
treated alternately with potash and muriatic acid, till the whole 
of it is dissolved. By tliis process two solutions are obtained : 
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Properties. 


Oxides. 


fiwt, the alkaline solution, of a deep orange-colour, which con- 
sists chiefly of the potash united to the oxide of .osmium ; second, 
the, ucid solution, of a deep red, which consists chiefly of the 
muriatic acid united to the oxide of iridium. 

I. By evaporating this last solution to dryness, dissolving the 
residuum in water, and e.'^aporating again, octahedral crystals 
ai*e obtained, consisting of muriatic acid united to oxide of 
iridium. These crystals being dissolved in water, give a deep 
red solution, from which the iridiym may be precipitated in tl^e 
state of a black povder by putting into the liquid a plate of 
zinc 'oi“ iron, or indeed any metal, except gold ant^ platinum. 
When heat is applied to this powder it becomes white, and 
assumes the metallic lustre. In this state it is pure iridium. 
The metal "may be obtained also by exposing the octahedral 
crystals "to a. strong heat. Some other processes for obtaining 
metallic iridium are g^ven by Berzelius But they are all dif- 
ficult and tedious. 

Irid'luin has tlie appearance of platinum, and seems to resist 
the action of heat at least as strongly as that metal ; for neither 
the French chemists nor Mr. Tennant were able to fuse it. 
Vauquelin succeeded in fusing a little of it, and found it pos- 
sessed of a certain degree of ductility.* Mr. Children suc- 
ceeded in fusing it by means of his immense galvanic battery, 
and found its specific gravity 18'68.f As the globule was 
porous, it is obvious that thif! is considerably under the truth. 

It resists the action of all acids, even the nitro-muriatic, 
almost completely ; much more than three hundred parts being 
necessaiy of that acid to dissolve one of iridium.:}: Some attempts 
to take its specific gravity ir my laboratory indicated it to be as 
high as 24*328 ; but the quantity weighed was so small that full 
reliance cannot be placed in ^he result. I infer from it, how- 
ever, that it has a higher specific grayity than platinum. 

II. The. affinity between iridium and oxygen seems to be 
considerable. When heated to incipient redness it combines 
with that principle ; but it is agaiu reduced to the metallic state 
by the application of a higiier temperature. Berzelius has ren- 
dered it probable that it combines with four doses of oxygen, 
and forms four different oxides, though he has not succeeded in 
obtaining all these oxides in a separate state. 

1. The protoxide may be obtained by boiling the protochlo- 
ride with a concentrated solution of caustic potash. The protoxide 

* Ann. de Chun. Ixxxix. 240. t Fhil. Trans. 1815, p. 370. 

t Fourcroy and Vauquelin, Ann. de Chun. 1. 22* 
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separates in the state of a black powder, which is scarcely acted 
on by acids, thoijgh it communicates to them alight-green colour. 
The alkaline ley beconfbs first purple and at last hive, owing, 
in tlfe opinion of Berzelius, to the small portion of oxide held 
in solution, absorbing an additional quantity of oxygen. This 
protoxide may be obtained in the'Umte of hydrate, by precipi- 
fiitlhg the protochloride of iridium with carbonate of pot^h. 
The hydrate is a bulky greenish-gray matter. An excess of 
Qlirbonate of potaj^ redissol^es this jfTecipitate. This hydrate 
dissolves in acids when assisted b^ heat, and forms salts of iridium. 

From the analysis of* several double chlorides qf iridiuln, to 
be sfated immediately, and*madb by Berzelius with great care, 
there is reason to believe that th5 atomic weight of iridium is 
12’25. The protoxide of iridium is probably a ccftnpdund*of 

1 atom iridium . . • 12*25 

1 atom oxygen . . I 


13*25 

2. Sesquioxide of iridium may be obtained by mixing the 
potassium-bichloride of iridium with its own weight of carbonate 
of potash, and heating the mixture in a close vessel to incipient 
ignition, taking care not to elevate the temperature too high, 
which would occasion the expulsion of the carbonic acid, and 
the combination of the oxidft withsthe alkali. When the saline 
mass is dissolved in boiling water, anti filtered, it leaves on the 
filter a blackish-blue powder, whieh is the sesquioxide. When 
washed with pure water it passes through the filter, kt should 
therefore be washed with a solution of sal ammoniac, the last 
traces of whidh may be tiriven olF by heat. In this state it is 
not sokiblQ in acids. <Hydrogen^decomposes it without the ai^ 
of heat, and reduces it tojfche metallic state. When mixed with 
a combustible body, and heated, it is decomposed n^th a strong 
detonation. 

When the sesquichloride* of iridium is precipitated by an 
alkali, the sesquioxide generally falls in the state of a hydrate. 
It is then dark-brown and dissolves in acids forming salts, the 
solutions of which resemble a mixture of venous blood and 
water. ^ 

This oxide is also formed when metallic iridium is calcined 
with a mixture of potash and nitre. A dark brown matter is 
obtained, which dissolves in water, and communicates a fine dark 
yellowish-brown colour. In this compound the sesquioxide is 


Fmnily V. 
SectV. 

^ 
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Chlorides. 


very easily clianged into protoxide. This sesqnioxide been 
analyzed by Berzelius, and shown to be a compound of 
1 atom iridium . 12*25 

*1^ atom oxygen . . 1*6 


13*75 

3, Bmoaeide. Berzelius has not been able to obtain this 
oxide in a separate state, though analogy leaves little doubt of 
its existence. It would dppear to possess acid characters ; for 
it combines with alkalies, and cannot be separated from them by 
acidsr From the analogy of the bichloride there is li,ttle doubt 
that this oxide is a compound of 

I atom iridium . . 12*25 

'2 atoms oxygen . . 2 


14*25 

4. Teroxide of iridium is obtained by adding carbonate ofpotash 
or soda'tffthe red potassium chloride of iridium, free from ammo- 
nia. Scarcely any precipitate falls at first, but when digested, . 
a gelatinous hydrate falls, which, when collected on a filter, is 
brownish-yellow or greenish, and so similar to the hydrated oxide 
of rhodium, that it is impossible to distinguish them by their 
appearance from each other. This oxide dissolves in muriatic 
acid, and when the solution is evaporated nearly to dryness it 
becomes red. This oxide has not been analyzed ; but from the 
analogy of the terchloridd of iridium, there can be no doubt that 
it is a compound of <- 

*' 1 atom iridium . . 12*25 

3 atoms oxygen* . . 3 


15*25 

• 5. Every body that has made experiments on iridium must 

have remarked the blue coloured solutions which it yields, and 
which Mr. Tennant ascribed to a peculiar oxide. Berzelius is 
of opinion that this blue oxide is a compound of the protoxide 
and sesquioxide, though in what proportions has not been deter- 
mined. It is analogous to the blue oxides of tungsten and 
molybdenum. 

III. Chlorine and iridium have a strong affinity for each other. 
']^ey combine in various proportions, as no fewer than four 
different chlorides of iridium have been examined by Berzelius, 
and which, from the analyses to which he subjected several of 
them, appear to be composed as follows : 
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Iridium. Chlorine, 

1. l!!!hloride,of 1 atom 4 - 1 atom 

2 . SesquicUoride 1 4 * 

3. Bichloride 1 +2 

4. Terchloride 1 •• +3 

1. Bichloride. This chloride has not yet been examined in a 

state of insulation, but it is easily obtained united with chloride 
of potassium. This doitble chloride js formed when iridium in 
fine powder is mixed with pMoride of po1|tssiiun, and heated to 
incipient redness in a stseam ofsehlorine gSB. The salinegraass 
is separalied by water from the metallic iridium, anU aqua regia 
being added to the liquid, it is evaporated to dryness. The 
excess of chloride of potassium may be washed out by a Iktle 
wat^, as the double chloride is insoluble»in a solutioi^of chlo* 
ride of 'potassium. It may then be dissolved inljoiling water* 
containing a little aquk regia, and crystallized. The crystals 
are black, and constitute regular octahedrons. In poy^^r it is 
red. It is insoluble in alcohol, and may be precipitated from 
its solution in water by tfie «ddition of that liquid. If pure it 
dissolves readily in water, but not if it contains an excess of 
chloride of potassium. The solution is red ; but when spread 
thin it appears yellow. It bears an incipient red hea.t without 
alteration. In a strong red heat it is converted into a sesquichlo- 
ride, and when the heat is s^^ll higher, chlorine and chloride of 
potassium are disengaged, and metdllic,iridium mixed with chlo- 
ride of potassium remaii\s> From the analysis of this double 
salt by Berzelius, it appears to be a compound of 
1 atom chloride of potassium, 

, 1 atom bichloride of iridium. 

And the bichloride of mdium is composed of 
•2 atoms chlorine ^ . 9 

1 atom iridiufti * . 12*25 


FawUyV. 
%#ct V. 


21*25 

The potassium and ammonium bichlorides of iridium have the 
same figure and composition as the corresponding double chlo- 
rides of platinum; showing that iridium and platinum are 
isomorphous' bodies. 

2. SesquicMoridetqf iridium. This chloride may be obtained 
by heating iridium with a mixture of potash and nitre, and after 
having washed it ^th boiling water, digesting the remaining 
mass in muriatic acid which dissolves a great part of the matter, 
and assumes a blackish-brown colour. Evaporate the solution 
I. 2 Y 
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to dryness, and digest the dry residue in alcohol, which dis- 
solyes the sesquichloride. It may be, obtaineif also by heating 
iridium in chlorine gas. Thus formed it is insoluble in water. 
And it becomes insoluble however obtained, if the solution be 
evaporated to dryness, an4 <.he residue be exposed to as high a 
temperaliure as it can bear without decomposition. Tlie colpur 
of *the bichloride and that of the sesquichloride is very nearly 
the same, differing only in shade. 

Potassium sesquichloride o/^ iridium maybe obtained by mixiiig 
iriditim in fine powtfer with potassium bichloride of iridium, and 
heating the mixture in a glass retort to redness, 'llo fusion 
takes place. The salt is to be dissolved in water to separate 
the uncombined iridium. On evaporating the solution a little 
potash bichloride of iridium first separates in crystals. The 
residual liquid being decanted off and slowly evaporated does 
hot yield regular crystals. The salt is a dark yellowish-brown, 
with sbrhetimes a shade of blue or green. It is almost insoluble 
in alcohol. Berzelius analyzed it, aiid obtained in two separate 
analyses 


Chloride of potassium . 

9*14 . 

. 8*76 

Chlorine 

6*75 . 

. 6*75 

Iridium 

9*14 . 

. 8*76 


It appears evident from these analyses that the atom of iridium 
was combined with atom chlorine. The salts were not pure, 
nor from the mode of forming them could they be so. Hence 
the reason why the quantity of chloride of potassium was a 
little deficient. It is obvious also that there was a slight excess 
of chlorine in the first salt analyzed., and a still greater in the 
second. Still the analyses came near enough the truth to leave 
no doubt respecting the nature, of the chloride of iridium con- 
tained in 't. 

3. Chloride. When iridium obtained by reducing the double 
chlorides by means of a stream fd hydrogen gas, is exposed at 
an incipient red heat to ‘a stream of chlorine gas, it swells up, 
and is converted into a light powder fif an olive-green colour, 
and the additional weight corresponds to an atom of chlorine. 
The chloride formed therefore is a compound of 
1 atom chlorine . . 4’6 

1 atom iridium . . ^ 12*25 

16*75 

‘This chloride is insoluble in water. 
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Boiling muriatic acid dissolves a very little of it, and acquires 
a greenish colour. Aqua regia hardly acts upon it But if 
we decompose it by pol^h, and then digest the oxide separated 
in nuiriatic acid, the chloride is again formed and dissolves jn ' 
the excess of the mmiatic acid. The colour of the solution is 
a mixture of brown, yellow, and gSeen. When the ^solution 
Js concentrated by evaporation it becomes yellow, and wjien 
evaporated to drj^ness it leaves a transparent yellow matter, 
which dissolves in a little hot water, but becomes muddy when 
much diluted. It seen^s to bq^ a'solutidn, of chloride of iri- 
dium in^uriatic acid. This chloride also combines witb the 
alkafine chlorides, and forms double salts having a green 
colour. 

4.^ Terchloride of iridium.. This chlpride ^las only been 
obtained in combination with chloride of potassium. When* 
the ore composed of osmium and iridium, after fusion witli 
nitre, has been treated with aqua regia and then dried^ small 
quantities of water, cautiously added, dissolve out the excess of 
chloride of potassium ; affei«this water digested on it acquires 
a rose-red colour. The first red solution being decanted ofiF, and 
a little more water added, a new red solution may be obtained, 
and this maybe repeated several times. But we must desist when 
ever the watery solution begins to assume a yellow colour. 
The red-coloured liquids being evaporated to dryness, and the 
dry mass being digested in alcoh<9l of 0’84 to dissolve out the 
excess of chloride of potassium, a saline brown powder remains, 
which is a potassium terchloride cf iridium. When dissolved 
in water, and subjected to spontaneous evaporation, this double 
chloride crystallizes in oblique fout-sided prisms of a ruby-red 
colour, exactly similar in appeara^ice to ajsedt of rhodium,, 
though "it dees not contain a trace ^sf tliat metal. This chloride 
was found by Berzelius composed of 

Chlorine ..... 12*379 

Iridium . j* . ^ , 12*25 

Chloride of potassium . . 26*58 

As an atom of chloride *of potassium weighs 9*5, it is obvious 
that the salt consists of 3 atoms of chloride of potassium united 
to one atom of a chloride of iridium, composed of 1 atom of 
iridium combined with 13*19 of chlorine, but 3 atoms of chlor 
rine weigh 13*5. *It is clear, therefore, that the chloride of 
iridium in the salt, is a compound of 


FamUr V. 
,Sect. V. 
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<aHv.nL 


Sulphurets. 


Alloys, 


8 atoms chlorine 13*5 

1 atom iridium 12*25 


25*75* 

The deficiency both in th^^quantity of chlorine and idiloride 
of {potassium, may be owing either to an error in the number 
wMch we have chosen to denote an atom of iridium, or from 
impurities in the chloride subjected to anal3'sis. 

IV. No attempts have been ^made to unite iridium with 
bron^ne, iodine, fcyclrogen, azote, carbon, boron, silicon, dr 
phosphorus.'^ It forms four different, combinations with.sulphur, 
for each of the chlorides is pi*ecipitated by sulphuretted hydro- 
gen gaa. .Their colour is a very dark brown, almost black. 
While drying*'they are not converted into sulphates like sul- 

■phuret of platinum. They dissolve more easily in the hydro- 
Bulphurets than the sulphuret of platinum. When the sulphtt- 
rets o^. iridium and platinum are mixed, nitric acid dissolves the 
former with a small quantity of the latter, and leaves sulphuret 
of platinum nearly pure. When - any of the higher sulphurets 
of iridium are heated, sulphurous acid and sulphur are given 
out, and a gray sulphmret remains like that of lead, insoluble in 
nitric acid and scarcely in aqua regia. It is a protosulphuret, 
or a compound of an atom of each constituent. 

V. The following are the resujts of Mr. Tennant’s experi- 
ments to alloy iridium with' the metals: 

It does not combine witb arsenic. Lead easily unites with 
it: but is separated by cupellation, leaving the iridium upon 
the cupel as a coarse black powder. Copper forms with it a 
very malleable alloy, which, after cupellation with the addition 
of lead, left a small proportion of the jridium, but much less 
than in the former case. Silver may be united with it, and the 
compound remains perfectly malleable. The iridium was not 
separated from it by cupellation, but occasioned on the surface 
a dark and tarnished hue. It appeared not to be perfectly com- 
bined with the silver, but merely diffused through the substance 
of it in the state of a fine powder. Crpld alloyed with iridium 
is hot freed from it by cupellation, nor by quartation with silver. 
The compound was malleable, and did not differ much in colour 

* The chloride which I analyzed, and of which I have given an account 
in my " First Principles,” p. 475, was obviously this terchloride ; and if the 
quantity of chlorine which was driven off by ignition be taken into consider, 
ation, my analysis comes very near the result stated in the text. 
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from pure gold; though the proportion of alloy was very con- away v. 
^iderable. If the gold or silver is dissolved, the iridium is left 
in the form of a black pSwder.”* 

Vauquelin alloyed this metal with lead, copper, and tin. 
these alloys were malleable, and Jt^e hardness of the different 
metals was greatly increased by ^efaddition of the irvlium.f 

SECTipN VI. OF OSMIUM. 

• This metal is always found combined with iridium, and was rnttonr. 
discovered by Mr. Teuqpnt by |he* process described in the last 
section. ^ JLf three parts b]j weight of the pulvertilent ore of 
iridium be well mixed with 1 part of nitre and put into a cold 
crucible, and the crucible be raised in the open fire ta a gpod 
red heat, until the ingredients are redi\ped t9 a pa:|ty state, 
fumes <tf oxide of osmium will be found to arise from it. The* 
soluble parts of the mixture are then to be dissolved in the 
smallest quantity of water necessary .for the purpose^ and the 
liquid thus obtained is to be mixed in -a retort ‘with so much 
sulphuric acid (diluted ■^ith its own weight of water) as is 
equivalent to the potash contained in the nitre employed; but 
no inconvenience will result from the use of an excess of sul- 
phuric acid. By distilling rapidly into a clean receiver for so 
long a time as the osmic fumes continue to come over, the 
oxide will be collected in the form of a white crust on the sides 
of the receiver, and there meltiilg it will run down in drops 
beneath the watery solu(;ion, forming a fluid flattened globule 
at the bottom. When the receiver has become quite ^old, the 
oxide will become solid and crystallize.^: 

When the ^ore of iridium in *fine powder is fused with 
an alkali, and the fu^eA mass is #icted on by muriatic anc^ 
nitric acids^ distilled oxide of osiftium passes over. The nitric 
acid decomposes the dotible chloride ; and this action is the 
more complete the smaller the quantity of muriatfc acid em- 
ployed. The distillation is to be continued at a heat below 

• 

* See Mr. Tennant’s paper on Two Metals found in the Powder remaining 
after the Solution of Platina, Phil, Trans. 1804. Descotils did not succeed 
in obtaining it in a separate state ; but he showed that the red colour which 
the precipitates of platinum sometimes assume is owing to the presence of 
iridium. See his pap«r, Ann. de Chim. xlviii. 153. Fourcroy and Vauque- 
lin confounded together the properties of osmium and iridium, ascribing both 
to one metal ; to whkh they have given the name of ptene. See Ann* de 
Chim. xlix. 177, and 1. 5. See also Berzelius’s paper in the Kong. Vet* 

Acad. Handl. 1828, p. 52. 

f Ann de Chim. Ixxxix. 237- J Wollaston j Phil. Trans. 1829, p. 8. 
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Cluq».nL 


Properties. 


Oxides. 


boiling till a fourth part of the liquid has passed over. We 
must then remove the receiver, otherwise the osmium become^ 
miAed with iridium. To obtain the osmium from the liquor in 
tfce receiver* the best way is to employ mercury after having 
added to tlie liquid as mucj[i^ muriatic acid as will be sufficient 
to convert the mercury into chloride. A portion of the osmium 
stik remains in solution. To obtain it saturate the liquid witn 
ammonia, evaporate to dryness, and heat tjie dry residue in a 
retort. Metallic osmium remains, while the mercury sublinwes 
in cqmbination with' the sal a^imoniap. 

The precipitate obtained by the mercury consists, gof chlo- 
ride of mercury, an amalg^ of osmium, and running mer- 
cury slightly alloyed with osmium. If we put it into a glass 
tube blQwn into a bqjl, and pass,a current of dry hydrogen gas 
> over it whil6' heated by a spirit lamp, mercury and chloride of 
mercury sublimes, and metallic osmiuxn remains behind. It 
has the /orm of a black, powder, which acquires the metallic 
lustre when burnished* To obtain it in a compact mass, let 
the oxide be volatilized along witli a current of dry hydrogen 
gas, and made to pass through an inch of glass tube heated to 
redness. A kind of combustion takes place, and the osmium 
forms in the hot part of the tube a compact metallic ring.* 

I. Osmium obtained in this way has a strong metallic lustre, 
and a white colour resembling that of ore of iridium. Its spe- 
cific gravity is 10. It dissolves slowly in nitric acid. In aqua 
regia it dissolves rapidly, and so does it in fuming nitric acid 
when assisted by heat. When in a state of great division, it 
takes fire and burns at a red heat. When in a compact state, 
the oxidizement goes on very slowly. This metal is not 

.altered by exposure to th%air at the common temperature. 

Berzelius has shown by a careful analysis of the potassium 
' bichloride of osmium, that the atomic weight of this metal is 
very nearly 12*5. 

II. From the experiments of Berzelius it appears probable 
that osmium unites with 5> different doses of oxygen, and forms 
5 different oxides; though two of these have not yet been 
obtained in a separate state. 

1. Oxide. It may be obtained by treating the potassium 
chloride of osmium with caustic potash. The solution does not 
become muddy immediately ; but in a few hours a deposite of 
the hydrated oxide falls of a very deep-grSen colour, indeed 

* Berzelius ; Kongl. Vetens, Acad. Handl. p. 80. 
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almost black. The alkali still keeps a portion in solution^ 
which gives the^iquid a OTeen colour ; and the hydrate contains 
a portion of potash which cannot be removed by washing. * It 
^dissolves slowly in acids, communicating a blackish green coloar 
like the salts of iridium. ^ Nitric ji^id dissolves it without the 
application of heat, and when evaporated to dryness leaves a 
greenish-coloured transparent varnish. The sulphate becomes 
almost black when, dried! The phosghate has the same colour, 
afld is soluble with difficulty? Muriatic acid ^dissolves it, and 
assumes a deep greenish-brown^colour. \Vhen the hydi^^te is 
heated m a close vessel it gjyes qut water, but does^iot sublime. 
It detonates with combustibles. Jt is composed of 
1 atom osmium . . 12'5 

1 atom oxygen . . t 


13-5 

2. Sesquoxide. This oxide has not been examined^ Berze- 
lius considers the deep-blue powder from osmium to be a com- 
pound of the oxide and sesq«oxide. But no evidenee has been 
adduced in support of this opinion. The sesquoxide, supposing 
it to exist, is a compound of 

1 atom osmium . . 12*5 

atom oxygen . . 1*5 


14 

3. Binoxide. This oxide may be obtained by treating a 
saturated solution of potassium bichloride of osmium \^ith car- 
bonate of soda. At first the liquid appears unaltered, but after 
some time it |?ecomes muddy »n<f black, and allows the hy- 
drated binoxide to fall^ Collectedx)n a filter it appears black, 
and eontaiils alkali, which cannot'be removed by washing ; but 
dilute muriatic acid carries it ofiTawithout attacking the oxide. 
When this oxide is dried on the water-bath, and fhen heated 
in carbonic acid, it gives out water and then a little of the vola- 
tile oxide. But the oxide that remains after exposure to a red 
heat is still the binoxide. When thus obtained it is not soluble 
in acids. Muriatic acid when long boiled on it, assumes a yellow- 
ish tint. Yet it is capable of combining with acids, and of form- 
ing a peculiar class of salts. This oxide is composed of 

1 atom osmium . . 12*5 

2 ato^is oxygen . . 2 


Fiunar V. 
Sect VI. 


14*5 
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4. Quateroxide. By this name the volatile oxide of osi^oium 
may be called, because it contains 4 atoms of**oxygen. It is 
obttdned when osmium is burnt, or when we treat with hot 
nitric acid either the double chlorides or the oxides of osmium. 
An easy process for procui^g it has been given at the be^m-> 
ning of ^his section. If i^e heat osmium to redness in a ball 
blo(^ in a barometer tube, and cause a current of oxygen 
gas to pass over it, the osmium burnSj and. the quateroxide is 
deposited at some distance in .the -tube. It is deposited in white 
brilliant crystals ; soi^etimes it, has a tint of yellow. It is often 
liquid at fir^, and on cooling assumes the form of a crystalline 
mass. It dissolves very slowjly in water ; it may be kept melted 
a long time in that liquid without disappearing. The solution 
is colourless. Tt dissolves readily in alcohol and ether ; but it 
is reduced in the solution, and in 24 hours is deposited in the 
metallic state. Alcohol and ether addSd to the aqueous solu- 
tion, occasion neither precipitation nor reduction. Tallow, 
fat oils, and similar bodies, reduce this oxide. If we rub the 
stopper of a bottle containing the- aqueous solution of quater- 
oxide of osmium with hog’s lard, it becomes black from reduced 
osmium in a few hours. It may be volatilized in hydrogen gas 
without reduction. But when a mixture of the vapour of this 
oxide and hydrogen gas is passed through a red-hot tube, the 
osmium is reduced. Sulphuretted hydrogen gas reduces it 
without the action of heat being necessary. The oxide becomes 
hot of itself, melts, and is volatilized, so that the sides of the 
vessel are covered with sulphuret of osmium. 

The smell of this oxide is strong and quite peculiar, and 
affords therefore an excellent character to enable us to recog- 
nise the presence of osmium. K a little of it be placed upon 
the edge of a platinum foil, hnd brought so near the flame of a 
spirit-of-wine lamp as to heat the osmium, the part of the flame 
which ris^ above the foil becomes bright near the osmium as 
if olefiant gas were burning. 

From an experiment »by Berzelius, it appears that 0*275 
gramme of osmium when burnt in oxygen gas unite with 0*09 
of oxygen, so that 12*5 of osmium would combine with 4*09 
oxygen. It is obvious from this that the volatile oxide of 
osmium is a quateroxide. p 

5. When gallic acid is dropt into the aqueous solution of 
quateroxide of osmium, the liquid gradually assumes a deep- 
bltte colour : and in various processes, Berzelius obtained a blue 
sublimate. These colours are owing to the formation of blue 
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oocide of osmium^ which Berzelius considers as a compound of F»may v. 
oxide and sesqppxide. But he has produced no fact in support 
of this opinion, except dfls analogy of the Mtee oxide of iridhitn, 

III. Osmium unites in as many proportions with .chlorine as chlorides, 
it does with oxygen, and forms as many chlorides. , These 
hitherto have been only examineif Berzelius. 

• IT. Chloride. When chlorine gas is passed over osmium at 
the ordinary temperature of the atmosphere, there is no appa- 
rent action ; but if we heat tin metal, 'there instantly rises from 
it a beautiful dark-green sublimate, which, is* the chlori^ of 
osmium. ^ J[f we continue the passage of chlorine gas and the 
heat,* a red pulverulent sublimate gradually makes its appear- 
ance, which is the bichloride of osmium. If the chlorinq gai^-be 
moist the bicliloride becomes ypllow, and gradudfly crystallizes. 

When the bicliloride is dissolved in water, it assiftnes a yellow 
colour. On adding a new portion of water the colour changes 
to green, and the smell of volatile oxide becomes ^jgarent. 

Soon after this the colour deepens, and ^ light-bhie flocky pre- 
cipitate of metallic osmium ^is deposited. We see from this 
that the bichloride is decomposed by water into muriatic acid, 
quateroxide, and metallic osmium. It is easy to see that two 
atoms of bichloride, which are composed of 
2 atoms osmium, 

4 atoms chlorine, 

are converted by decomposing four atoms of water into 
4 atoms muriatic acid, 

1 atom quateroxMo, 

1 atom metallic osmium. 

The chloride undergoes the vgry same decomposition when 
mixed with water. 

Both»of these chloridibs have tho,property of combining with 
chloride of potassium, and forming with it a double salt. But' 
the first undergoes decomposition, and deposites osmium when 
treated with alcohol. The potassium bichloride may be formed 
by mixing metallic osmium i^ith chjoride of potassium, and 
passing chlorine over the mixture when raised to a red heat. 

The chlorine is slowly absorbed, and a red powder is obtained 
which is the double bichloride in question. When dissolved 
in water the solution has a yellow colour. By evaporation it 
yields octahedral crystals of a brown colour. 

2. The sesquicbloride and terchloride of osmium have not 
been obtained in a separate state, but Berzelius has formed two 
double chlorides which he considers as containing them, united 

2 z 


I. 
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^»p- to sal ammoniac. The method of proceeding was this : A cur- 
^ rent of oxygen gas was passed over a mixture of iridium and 
osndium, heated in a glass tube, and the excess of gas was 
received in*a dilute solution of ammonia, which, at the end of 
the process, was saturated yr^th oxide of osmium. The ammo- 
niacal liquid was mixed ■^th an excess of muriatic acid and a 
little mercury, and frequently agitated during 48 hours. W hen 
the smell of oxide of osmium was no longer perceptible, the 
whole was filtered. The colour of the liquid was purple brovsai, 
and jvhen evaporated to drjrness it lefj a dark brown salt. This 
salt dissolves in alcohol with a beautiful purple colojir similar 
to that of manganesiate of jpotash. ^ A salt is left insoluble in 
that liquid. It dissolves in water, and the solution has a purple 
brown polour.* Berzelius considers the first of these salts as a 
^ combination “of terchloride of osmium with sal ammoniac, and 
the second as a combination of sesquichk)ride with the same salt. 

From, a comparison of the chlorides of iridium and osmium it 
is evident that there is a striking analogy between them. Indeed 
iridium and osmium seem to be is&morphous bodies. No chlo- 
ride of osmium proportional to the quateroxide has been hitherto 
observed ; but analogy would lead us to expect that such a 
chloride is likely to exist. 

IV. Nothing is known respecting the combinations which 
osmium may form with bromine, iodine, hydrogen, azote, car- 
bon, boron, silicon, and^ phosphorus. 
suiphuretB. V. It has a strong affinity for sulphur, and combines with as 
many proportions of that body as it does with chlorine. For 
sulphuretted hydrogen gas throws it down from all its solu- 
tions. Even the double cnlorides are thrown down by means 
of it. The red solutions are not thrown down so easily as the 
rest. But when the red solutions saturated with .sulphuretted 
hydrogen are left in a well-corked phial, a yellowish-brown 
precipitate’ gradually falls. The solution of the binoxide of 
osmium is precipitated by sulphuretted hydrogen black, with a 
shade of brown. 

Hydrogen gas when passed over the sulphurets of osmium, 
heated to redness, decomposes them with difficulty, sulphuretted 
hydrogen gas being evolved. A portion of sulphuret decom- 
posed in this way, by Berzelius, was found to be composed of 
Osmium . . 12*5 

Sulphur . . 4*975 

This is obviously 1 atom of osmium, and 2^ atoms sulphur. 
Hence the sulphuret was doubtless a mixture or compound of 
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1 atom bisulphuret of osmium, j^uy v. 

l^tom ter^iiiphuret of osmium. 

Sijlpliuret of osmium obtained in the moist way, dissolves in • 
nitric acid as easily as sulphuret of iridium, and is converted 
into sulphate, which is not prec^|ated by alkalies dr their 
car]|^onates. * 

VI. The remaining compounds of this remarkable mStal AUoys. 
remain still almost unkhown. Mr. .Tennant showed that it 
fuJi-mcd an amalgam with mSrcury^. Heated with copper and 
with gold in a charcoal (crucibloi, it melted Vith each of these 
metals forftiing alloys which were quite malleable. These com- 
pounds were easily dissolved in aqua regia, and by distillation 
afforded volatile oxide of osmium distinguished ^ its ushal jfro- 
pertks. 
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1. Vana'dium, amew metal. 

S1NC15 the chapter, giving an aCfcount of the acidifiable bases, in 
the first volume of this work, was written, a new metal has been 
discovered by Mr. N. 6 . Sefstrom, to which he has given the name 
of Vanadium^ from V anadis, an appellation of Freya, the principal 
female deity of ancient Scandinavia. • 

Rinmann had given a metboil of detecting cold short iron, which 
was this : when such iron is dissolved in muriatic acid, it deposites 
a black powder. Mr. Sefstrom had examined, in this way, an iron 
which was not cold short, and finally, the iron of Eckersholm, and 
found to his great surprise, that both yielded a black powder; 
though the Taberg iron is reckoned the toughest, and best in 
Sweden. On examining the iSiack ptiwder, he found that it con- 
tained silica, iron, alumina, ^lime, copper, cobalt, and a substance 
similar, in some respects, to chromiuhi, and in others, to uranium. 
A comparative set of experiments satisfied him that it was not the 
former, nor did it agree in its characters with uranium ; it was, 
therefore, a new Substance. • 

The iron yielded it in f ery minute.jijuantity, so that he obtained 
at first only about ^d of a grain* • This induced him to examine 
the scorijB from the forge, where the iron had been smelted. From 
this he obtained enough to enable him to determine its properties. 
His mode of extracting it from^hese scoriae was as follows: The 
scorice were pulverized, till they were fine enough to pass through 
a common sieve. They could not be made fine, because they con- 
tained grains of iron. To get rid of this obstruction, they were 
moistened with water, in a porcelain dish, and then enough of 
fuming nitric acid v^^s added to oxidize the iron. The porce- 
lain dish was then put upon the sand bath, and stirred constantly, 
till the action was at* an end. It is then dried, heated to redness, 
and reduced to a very fine powder ; and, after being washed, is 
collected on the filter. Mix every three parts of these washed 
scoriae with two parts of saltpetre, and one part of carbonate of 
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soda^ and expose the mixture for four hours to a strong red heat, 
in a*, covered vessel of iron^ A solid matter is obtained, having a 
compact andchomogeneous appearance. Reduce it to powder, and 
boil it several times in water, in a silver vessel. Saturate the fil- 
tered liquid, as exactly as , possible, with nitric acid, (previously 
deprived of its nitrous gas by boiling.) In general, silica ^nly 
precipitates. Should the precipitate have a brick-red colour, indi- 
cating the presence of venadic acid, it must be moistened with 
caustic ammonia, and then digested ir boiling water. 

The filtered liquid being neutralized, ^he venadic acid is thrown 
down by acetate or nitrate of lead Collect the precipitate ^^n a filter, 
and wash it. After having deprived it of water by pressure, mois- 
ten it with muriatic acid, and shake it occasionally. Then a<ld 
alcohol, and keep the mixture for some time in a temperature 
nearly as high as that of boiling water. The solution has a blue 
colour, from the chloride of vanadium which it contains. It con- 
tains also phosphoric acid, alumina, and zirconia. Let it be evapo- 
rated in a retort ; dissolve the residue in water, and treat it with 
nitric acid to convert oxide of vanadium into vanadic acid. Satu- 
rate this acid with carbonate of potash, and heat in a platinum 
crucible till the whole is brought to complete fusion. Dissolve the 
fused mass in as little water as possible, and put a piece of sal am- 
moniac into the solution. Vanadiate of ammonia is formed, which 
precipitates. Collect the precipitate on a filter, and wash it with 
a solution of sal ammoniac, imorderlbo separate the phosphoric acid. 
Then wash off the sal ammoniac by alcohol. 

When vanadiate of ammonia is heated in the open aii’, the ammo- 
nia is driven off*, and vanadic acid remains ; and, when heated in an 
atmosphere of carbonic acid gas, it leaves oxide of vanadium, — both 
in a state of as great purity as they ca:i be obtained. 

Chromium, molybdenum, and tungsten, are the substances to 
which vanadium has the greatest resemblance. 

To clirpmium it has a strong analogy. Both give the same shade 
of green to fluxes before the blow-pipe. Both foi’iu red coloured 
acids, the salts of which are yellow, and whose solutions, mixed 
with acids, become deep red. But they differ in this, that the 
liquid containing chromic acid preserves its red colour when evapo- 
rated, while vanadic acid either becomes colourless by heat, or 
deposites vanadic acid in the form of a deep red powder. 

The oxide of chromium is green, and insoluble in alkalies ; and, 
when heated, becomes of a very deep green, does not absorb oxy- 
gen, and is insoluble in water, and almost in acids. — Vanadium gives 
also a green oxide ; but it is soluble in water and in alkalies. When 
heated, it melts and absorbs oxygen, and the fused mass is soluble 
in water. 
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Cluromic acid loses oxygen when heated, and is converted into 
oxide. Vanadic^cid begins by fusing into a deep orange red liquid, 
which, at a higher temper&ture, loses a portion of its oxygen. • 

Tlie only circumstance in which vanadium reseifiblcs mol^- 
deiAim is, in the blue colour of certain of its combinatioi|^. But 
these compounds arc easily distinguTi^hed from the blue combina- 
tions of molybdenum ; for the latter, treated by small portions jit a 
time by potash, lose their* colour, and allow the red hydrate of the 
Oj^ide of molybdenum to prqpipitate, •while the liquid becomes 
colourless. On the other Itand, tho alkalies precipitate from the 
blue salts pf vanadium a^ oxide Sf a light gray coloqr, and ^f the 
alkali be^ in excess, the supAnatSnt liquid is brown or green, ac- 
cording to the degree of oxidizemeflt. 

The analogy between vanadium and tungsten i^stMl less. The 
blue*coxpbinations of that metal^have no stability, it% oxidtes do not 
combine with the acids, its acid is pale yellow, and the salts which* 
it forms Mdth the alkaline bases are colourless.* 

W^ohler has already found vanadiun? in the brojwn Imad ore of 
Zimapan in Mexico. It was in this mineral that Del Rio thought 
he had discovered a new mtftal — an opinion, which was called in 
question by Collet- Descotils, and afterwards by Del Rio himself. 
I have been told also, that Mr. Johnstone has obtained vanadium 
from a specimen of lead ore, from Wanlockhead. This specimen 
was considered as arseniate of lead, with the external characters of 
which it perfectly agrees. It^consisted of small mamillary globules 
on the surface of quartz, covered externgilly with a whitish powder. 
The fracture of the specimen is described as crystalline ; the lustre 
is waxy, and the colour light yellow, scratched by the knife. It 
is said, like arseniate of lead, to crystallize in six-sided prisms. 
The specific gravity is said also to 15e nearly the same as that of 
arseniate of lead. The principal dj^erences between vanadiate^ 
and arsbniaSe of lead, lies in the lu^ta-e. 


* Ann. de Chim. et de Phys. xlvj. 105. 
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TABLE I. 

SPECIFIC GRAVITY OP THE GASES. 


c. 

Names of Gases. ^ 

(1 

specific gra- 
vity at 60“. 

Weight of ioo 
cubic inches in 
grains. 

. _ /* 

**•••• 

1- 

31-1446 

Hydrogen ^ ^ . 

0-0694 

2-1614 

Carburetted hy<fe*ogen . . 

0-5565 

17-3025’ 

Ammonia • * • . < « «j 

0-59027 

18-3837 

Carbonic oxide . . 

0-9722 

‘30-2794 

Azotic gas . . . ^ . 

0-9722 

30-2794 

Olefiant gas .... 

0-9722 

30-2794 

Deutoxide of azote . . m . 

1-0416 

32-4402 

Oxygen 

1-llli 

34-6048 

Sulphide of hydrogen . . . 

1-1805 

36-6816 

Sesquisulphuret of phosphorus 

1.21527 

37-8491 

Muriatic acid * . ^ . 

1-28472 

40-0121 

Carbonic acid . . 

1-5277 

47-4691 

Protoxide of azote 

1-5277 

47-4691 

Phosphuretted hydrogen 

1-77088 

65-1534 

Cyanogen ..... 

1-8055 

56-2316 

Sulphurous acid .... 

2-2222 

69-2066 

Fluo-boric acid .... 

2-36 li 

73-6355 

Protoxide of chlorine . , . •. 

2-4444 

76-1300 

Chlorine 

2-5 

77-8615 

Arseniated hydrogen . . . ** 

2-79305 

86-9884 

Chlorov carbonic acid 

3-4722 

108-1400 

Fluo-silicic acid . . . 

3-6111 

112-4700 

Hydriodic acid . . . . i 

4-34027 

135-1760 

1 i 


2. SPECIFIC GRAVITY OF VAPOURS. 


f 

Vapours. 

c 

Specific gra- 
vity at (>0^. 

Weight of 100 
cubic inches at 
60® in gr. 

Air ...... 

1-000 

31-1446 

Steam ...... 

0-481 

14-9806 

Hydrocyanic acid vapour 

0-912 

28-4039 

Alcohol ..... 

1-^11 

40-8306 

Muriatic ether .... 

2-255 

70-2311 

Bisulphide of carbon 

2-376 

73-9996 

Sulphuric ether .... 

2-415 

75-2142 

Oil of turpentine 

! 3-342 

99-4006 
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I 

Vai>ours. 

• 

Srjecific gra- 
vity at (50®. 

/ 

Weight of 100 
cubic inches at 
CO® in gr. 

H^driodic ether ... 

4-666 • 

145-3200 

Gliloride of silicon 

6-111 

190 - 32 J ^ 

Sesqui-chloride of arsenic . 

6-488 

2 ( 52-066 

► CJ^rbon . . . . . 

0-4166 

13-0048 

Phosphorus . ^ . 

1-1111 

34 - 6 ( T 48 

^ Sulphur . • . . ^ . ,• 

1-1111 

34-6048 

Arsenic . . .• . , . ^ 

2-6088 

84-0531 

Mercury . . • . .• . 



e -975 

• 

217*234 

1 


TABL.fi II. 


EXHIBITING THE ATaMIC WEIGHTS OF BODIES.^ 


ATOMIC WKIGIITS. 


Hydrogen • . • . 

Carton 

Liitliium . • * 

Carbo-hy<lrogen 

Oxygen 

Boron . • • . 

Silicon . • . • 

Carbnretted hydrogen 
Water .... 
Silicet of hydrogen 
Aluminum 

Magnesium . . 

.Bicarburet of hydrogen 
Azote .... 
Carbonic oxide 
Olefiant gas • . •. 

Bithia .... 
Silicet of cjirbon 
Phosphorus . . •w 

Sulphur 

Silica .... 
Deutoxide of hydrogen 
Ammonia 

Sulphide of hydrogen 
Sesqui-hydret of phosphorus 
Fluorine 
Glucinuni 

Ammonium? • . 
^Alumina 

Hydro-fluoric acid* . 

Calcium 

Magnesia 

Trito-carbo-hydrogen 




Oxygen = 1. 

0-125 


• 

. 0 - 75 * ' 



0-75 



0-875 


. . 

1 


. . 

1 


. . 

1 



1 



1-125 



1-125 


• 

• • • 

1-25 



1-5 


• 

1-625 



1-75 • 


• • 

1-73 

• 


1-75 


a 

1-75 


•• . 

1-75 

a 

• • • 

2 

2 * 



2 


. 

2-125 


• 

2-125 


• • 

2-125 


• • 

2-1875 


• • 

2-25 



2-25 



2-25 


• • 

2-25 

• 

• • 

• • 

2-375 

2-5 


• m 

2-5 



2-625 


Hydr. = 1. 
1 
6 
6 

7 

8 
8 
8 
8 
9 
9 

10 

12 

13 

14 
14 
14 
14 
14 
16 
16 
16 
17 
17 

17 
17-5 

18 
18 
18 
18 

19 

20 
20 
21 
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Zirconium 
Protoxide of azote 
Carbonic acid^ 

Cdrburet of phosphorus 
Sulphur^l; of lithium 
Alcohol c 
Sodium 
Boracic acid 
Sulphuret of boron 
Sulphuret of silicon ^ 
Hydrate of silica 
Glucina . ' . 

Titanium 
Cyanogen 
Nickel . .t 

Cobalt ' . . . 

Fluo-silicic acid 
Hydrate of alumina 
Hydro-cyanic acid 
Phosphuretted hydrogen 
Iron 

Manganese 

Sulphuret of magnesium 
Tetarto-carbo-hydrogen 
Lime 

Phosphorous acid 
Zirconia 

Heutoxide of azote 

Sesqui-fluo-silicic acid 

Sulphurous acid 

Copper 

Tellurium 

Chromium 

Suboxide of manganese 
Soda • • * 

Tellurctted hydrogen 
Bisulphide of hydrogen 
Zinc 

Fluo-boric acid 
Protoxide of nickel 
Protoxide of cobalt 
Chlorine 

Peroxide of sodium 
Phosphoric acid 
Peroxide of calcium 
Protoxide of iron 
Sulphuret of calcium 
Protoxide of manganese 
Yttrium 

Biliydrate of alumina 
Oxalic acid 





ATOMIC WEIGHTS. 


Oxygen = 1. Hydf 

, 2-75 22 

2-75 22 

2-75 22 

2-75 22 

2-75 22 

2- 85 23 

3 24 

3 24 

' 3 24 

3- 24 24 

3-125 25 

3-25 ^-4 26. 

3-25 26 

3-25 26 

3-25 26 

3-25 26 

3-25 26 

3-375 27 

3-375 27 

3-375 27 

3-5 28 

3-5 28 

3-5 28 

3-5 28 

3-5 28 

3-5 28 

3-75 30 

3-75 30 

3- 875 31 

4 32 

4 32 

4 32 

4 32 

4 32 

4 32 

4- 125 33 

4-125 33 

4-25 34 

4-25 34 

4-25 34 

4-25 34 

4-5 36 

4-5 36 

4-5 36 

4-5 36 

4-5 36 

4-5 36 

1 4-5 36 

4-5 36 

4-5 36 

4-5 I 36 
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Muriatic acid ^ 

Formic acid . . • . 

Sulphuric ether 
H^ponitrous acid 
Sesqui-oxide of nickel 
Sesqui-oxide of cobalt 
* Arsenic .... 
Bisulphide of carbon ^ . 

Arsenietted hydrcfgen 
Ifeesqui-phosphuret of sulplmi^ 
Potassium . ... 

Protoxi^« of chromium 
Sesqui-oxide of manganese 
Peroxide of iron 
Sulpliuret of sodium . 
Sulphqric acid . . . * 

Hypo-sulphurous acid 
Oxide of copper . • . 

Oxide of tellurium . • 
Selenium 

Bihydrate of silica . 
Selenietted hydrogen . • 
Chloride of carbon 
H€?xa-carbo-li ydrogen 
Titanic acid 
Oxide of zinc . 

Sulphuret of nickel . 
Sulpliuret of cobalt . . • 

Peroxide of cobalt 
Chloride of lithium . , . 

Hypophosphorous acid 
Strontium 
Chloride of silicon 
Binoxide of manganese . . 
Protoxide of chlorine ^ 

Yttria* .• . . . 

Sulphuret of iron . • . 

Sulphuret of manganese 
Nitrous acid 

Biphosphuret of sulphur , ^ 

Bichloride of carbon 
Manganesic acid 
Molybdenum 

Potash .... 
Oxide of selenium 
Phosphuret of chrtmiium . 
Sulphui'et of chromium 
Phosphuret of coflper 
Sulphuret of copper . 

Chloride of magnesium 
Proto-hydrated sulphuric acid 


ATOMIC WEIOIITS, 
Oxygen = 1. IHydr. = ] 


4-625 

4-625 

4^625 

4-^5 

4-75 • 

4-75 , 

4-75 

4-75 

4-9375 


5 

5 • 

5-125 

5-125 

5-25 

5-25 

5-25 

5-25 

5-25 

5-25 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6-125 


37 

i37 

37 , 

39 

38 
38 
§8 
38 
39-5 

40 
40 
40 
40 
40 

40 

40 

40 

40 

40 

40 

41 

41 

42 
42 
42 
42 
42 
42 
42 
42 
44 
44 
44 
44 
44 , 
44 
44 ' 
44 
46 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

48 

49 
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Perhydrate of ii*on 
Hydro-carburet of chlorine 
Sulphuret of s^nc 
ArCenious actd 
Acetic a€5id 
Succinic acid 
Cldojro-carbonic acid 
Sesqui -sulphuret of titanium 
Strontian 

JVfellitic acid . « . 

Sesqui-^ulphuret of iron 
Chromic acid 
Protoxide of cerium • 
Chloride of sulphur . 
Chloride of phosphorus 
Bisulphur'S't of calcium 
Palladium 
Rhodium 
Nitric acid 

Sulphuret t>f arsenic . 
Cadmium 

Protoxide of molybdenum 
Peroxide of cerium • 
Sulphuret of potassium 
Chloride of calcium . 
Selenious acid • 
Tris-hydrate of silica 
Arsenic acid 
Bisulphuret of cobalt 
Tin .... 

Sesqui-sulphuret of arsenic 
Citric acid 

Acetic acid crystals . 
Sesqui-chloride of carbon . 
Chloride of sodium . 
Peroxide of strontium 
Bisulphuret of ii-on . 
Sulphuret of strontium 
Teroxide of clilorine 
Thorium .... 
Sesquisulphuret of arsenic 
Chloride of nickel 
Chloride of cobalt 
Oxide of palladium . 
Protoxide of rhodium 
Chloro-cyanic acid 
Croconic acid 
Antimony 
Selenic acid 
Peroxide of potassium 
Chloride of iron 


ATOMIC WKIUIITS. 



Oxygen = 1, 

^ 6-25 

Hydr. 

40 


6*25 

50 


6-25 

5t0 


6-26 

50 


6*25 

50 ' 


6-25 

50 


6-25 

50 ' 


6-25 

50 


' 6*5 

52 


6 * 5 ? 

52 ? 


6*5 

52 

• 

6-5 , 

52 

i 

• 

6*5 

52 


6*5 

52 


6*5 

52 


6*5 

5 ? 


6*75 

54 


6*75 

54 


6*75 

54 


6*75 

54 


7 

56 

• 

7 

56 

• 

7 

56 

• 

7 

56 


7 

56 


7 

56 


7*125 

57 


7*25 

58 


7*25 

58 


7*25 

58 


7*25 

58 


7*25 

58 


7*375 

59 


7*5 

60 


7*5 

60 


7*5 . 

60 


7*5 

60 


7*5 

60 


7*5 

60 


7*5 

60 


7*75 

62 


7*75 

62 


7*75 

62 


7*75 

62 


7*75 

62 

i 

7*75 

62 


7*75 

62 


8 

64 


8 

64 

• 

8 

64 


8 

64 
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C^hloride of ni2y;igane9e 
Sesquisulphuret of selentum 
BisiWphiiret of copper 
Bcnoxidc of molybdenum 
Gallic acid 

Sqsquifluoride of arsenic . 
Protoxide of tin 
Peroxide of rhodium • 
i^Tartaric acid 

Vinic acid . . ? 

Barium 

Thprina* . • ^ 

Bichloride of sulphur 
Chloride of tellurium 
Chloride of copper 
Difiulphuret of nickel 
Quateroxide of chlorine 
Sesqiiichloride of phosfilforus 
Chloride of zinc .• 

Tannin • • . . 

Bismuth . , • • . 

Molybdic acid . . , ® 

Uric acid 

.Disulphuret of iron • 
Suboxido of copper , 
Bisulphuret of potassium . 
Sulphuret of cadmium 
Hyposulphuric aci|l . • 

Peilfluoride of niang-anese , 
Peroxide of tin . • . 

Sulphuret of tin 
Tartaric acid crystals 
Oxide of antimony 
Chloride of selenium • . 
Dichloride of calcium ^ 

Citric acidf crystals 
Chloric acid . , • . 

Chloride of potassium 
Barytes 

Sulphide of arsenic . 
Selenite of arsenic 
Bromine 

Antimonious acid 
Oxide of bismuth 
Bisulphide of molybdenum 
Disulphuret of copper 
Chloride of strontium 
Hydrobromic acid 
Sesquichloride of iron 
Sesquisulphuret of tin 
Antimonic acid 



ATOMIC WEIQIITS. 

Oxygen = 1. Hydr. = I. 

8 64 

8 .64 

a . 64 . 

8 64 

8 • 64 

8 - 12 & 65 

8*25 ^6 

8'25 66 

8-25 66 

8-25 66 

8*5 • 68 

5-5 68 

8*5 68 

8*5 68 

8-5 * *^8 

* 8-5 • 68 

8*5 68 • 

8*75 70 

8 - 75 70 

• 8 - 7 .?? • 70 ? 

9 72 

9 72 

9 72 

9 72 

9 72 

9 72 

9 72 

9 72 

9*125 73 

9*25 74 

9*25 74 

9 - 375 * 75 

9*5 76 

9*5 76 

9*5 76 • 

9*5 76 

9*5 76 • 

9 ^ 76 

9*5 76 

9*75 78 

9*75 78 

10 80 

10 80 

10 80 

10 80 

10 80 

10 80 

10*125 81 

10*25 82 

10*25 82 

10*5 84 
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Chloride of molybdenum . 
Phosphuret of barium 
Sulphuret of barium 
Biboxide of barium 
Sulphurtft of bismuth • , 
Tersulpbraret of potassium 
Ses^uisulphide of antimony 
Chloro-chromic acid 
Fuming’ sulj>hm'ic acid 
Bisulphuret of tin . ^ 

Black 'cast iron 
Uric acid crystals 
Sesquifluoride of antimony 
Sesquichloride of arsenic • 
Sulpho-chroniic r^^id . 

Perchloric; acid 
Chloride of cadmium 
Cliloride of tin 
Bisulphide of antimony 
Tersulphi<Se of molybdenum 
Bromide of sulphur . 

Platinum 

Iridium 

Bichloride of titanium 
Mercury 

Gold • . • . 

Tungsten 

Osmium . . . . 

Bicliloride of copper 
Quintosulphuret of calcium 
N^aphthaline 

JL^^^a^^l • • « • 

Protoxide of platinum 
Qnatersulphuret of potassium 
Persulphide of antimony . 
Chloride of barium 
Mucic acid 

Persulphurc-t of bismuth . 
Oxide of iridium 
Oxide of mercury 
Oxide of gold . 

Bromide of iron 
Chloride of bismuth . 

Camphoric acid 
Silver .... 
Oxychloride of sulphide of carbon 
Protoxide of lead 
Peroxide of platinum 
Sulphuret of platinum 
Sesquioxide of gold . 

Bichloride of selenium 


\TOMIC lYBlCillTH. 
Oxygen = 1. Hyclv = i 

10*5 84 

10*5 84 

10*5 84 

10*5 84 

11 88 

11 88 

11 88 

11 88 

11-125 89 , 

11-25 90 

11-25 90 

11-25 ». 90 

11-375 91 

11-5 92 

11-5 92 

11-5 92 

11-5 92 

11- 75 94 

12 96 

12 96 

12 96 

12 96 

12- 25 98 

12-25 98 

12-5 100 

12-5 100 

12-5 100 

12-5 100 

12-5 100 

12-5 100 

12- 5 100 

13 104 

13 104 

13 104 

13 . 104 

13 104 

13 104 

13 104 

13- 25 106 

13-5 108 

13-5 108 

13-5 108 

13-5 108 

13-5 108 

13-75 110 

18-75 110 

14 112 

14 112 

14 112 

14 112 

14 112 
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Trisphosphuret^of copper . 
Quatersulpliide of molybdenum 
Quitttosulpliuret of copper 
H^drosulpliurous acid 
Sulpliuret of mercury 
Sesquioxide of lead . 

' Oxide of silver 
White cast iron . ^ 

Sesquicliloride of ftntimony 
l^ercliloridt^ of manganese 
Bromide of potassium • 
Peroxi d|p«of lead 
Sulpliuret of lead . • 

Bichloride of molybdenum 
Sesquisulphide of platinum 
Qukitosulphuret of potassium * 
Benzoic acid 

Bichloride of tin . • • . 
Tungstic acid . . • . 

Perchloride of phosphorus 
Sesquisulphide of gold ^ 
Tetra-sulphuret of iron 
Bisulphide of platinum 
Bromide of tin 
Bisulphide of tungsten 
Iodide of carbon 
Chloride of platinum 
Chloride of mercury 
Chloride of gold 
Sesqui-bromide of phosplyirus 
Chloride of lead 
Hydro-carburet of iodine 
Iodide of sulphur 
Iodide of phosphorus 
Iodide of calcium 
Chloride oft silver 
Quinto-sulphuret of barium 
Tersulphide of tmigsten 
Iodide of sodium 
Bichloride of tin 
Bichloride of bromium 
Iodide of iron . 

Perchloride of antimony 
Sesqui -chloride of gold 
Terchloride of molybdenum 
Sesqui-bromide of firsenic 
Quater-chloride of azote 
Iodide of zinc . • . 

Iodic acid 

Iodide of potassium • 
Bichloride of platinum 


ATOMIC 
Oxygen = 

14 

14 
14 . 

14-575 

14-5 

14-5 . 

14-75 

14-75 

14-75 

14 - 75 

15 
1 ^ 

15 

15 

SlfS* 

1 ^ . 

15 

15 - 25 
15-5 

15-5 • 

15 - 5 

16 
16 

16 - 25 
16-5 
16-5 

16 - 5 
17 
17 
17 

17 - 5 
17-5 
17-75 

17 - 75 

18 - 25 
18-25 
18-5 
18 -jh 

18 - 75 
19 

19 

19 - 25 
19-25 
19-25 
19-5 
19-75 

19 - 75 

20 

20 - 75 
20-75 
21 
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1. Hydr. = 1 
112 
]»12 
112 . 
115 
• 116 
> 116 
li8 
118 
118 
118 
•120 
120 
120 
. i§o 
120 
120 
120 
122 
124 
‘ 124 
124 
128 
128 
130 
132 
132 
132 
136 
136 
136 
. 140 
140 
142 
142 
146 
146 
148 
148 
150 
152 
152 
.154 
154 
154 
156 
158 
158 
160 
166 
166 
168 
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Iodide of strontium 
BicKloride of tungsten 
' ^uboxide of iplyer 
Blomide of Snercury 
Columbkim 
Persulplude of arsenic 
Iod>4e of cadmium 
Iodide of tin 

Sesqui-bromide of antimony 
Bromide of lead • 

Bromide of silver 
Iodide of bariium 
Sesquiodide of carbon 
Carbazotic acid 
Iodide of bisluufji 
Chloriodi'3 acid 
^Suboxide of platinum 
Bibromide of selenium 
Sesquiodide of phosphorus 
Columbic* acid t . ^ . 

Terchloride of tungsten 
Uranium 
Dioxide of gold 
Perbromide of phosphorus 
Disulphuret of mercury 
Protoxide of uranium 
Bibromide of tin 
Peroxide of uranium 
Sulphuret of uranium 
Disulphuret of lead 
Iodide of mercuiy 
Sesquiodide of arsenic 
Iodide of lead 
Tersulphide of columbium 
c Iodide of silver 
Dichloride of mercury 
‘ Dichloride of gold 
Dichloride «of lead 
Bed antimony 
Sesquiodide of antimony 
Margaric acid 
Biniodide of phosphorus 
Oleic 'acid 
Stearic acid 
Indigotic acid 
Dibromide of mercury 
Terchloride of columbium 
Diodide of mercury 
Periodide of phosphorus 
Trisiodide of gold 
Arseniet of antimony 


ATOMIC Wi:iGItT>4. 
Oxygen = 1. IHydr, =1, 

21-26 1^0 

21-5 172 

21- 625 173 

22- 5 isq 

22-76 182 

22-75 182 

22- 75 182 

23 184 

‘ 23 184 

23 184 

23- 75 190 

24- 25, 194 

24-375 Ids 

24-5 196 

24-75 198 

24- 75 198 

25 200 

25 200 

. 25-625 205 

25- 75 206 

26 208 

26 208 

. 26 208 

27 216 

27 216 

27 216 

27- 25 218 

28 224 

28 224 

28 224 

28- 25 226 

28-375 227 

28-75 230 

28- 75 230 

29- 5 236 

29-5 236 

29- 5 236 

30- 5 244 

31- 5 252 

31- 625 263 

33 264 

33-5 268 

32- 25 258 

33- 25 266 

34- 125 273 

36 280 

36-25 290 

. <r 40-75 326 

41-375 331 

53-25 426 

68-75 550 
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TABLE III. 


EXHIBITING THE ATOMIC WEIGHT OP BODIES AAbANGED 


'«>AEPHABETi;fjyiJLl.V. 


Acetic acid . • . 

m in crystals 

Alcohol 

Alumina 

AluniinAm 

Ammonia 

Ammonium ? 

An^monic acid 

Antimdnioiis acid 

Antimony 

Arsenic 

Arsenic acid 

Arseniet of antimony 

Arsenietted hydrogen 

Arsenious acid • 

Azote 


ATOMIC WeiOHW. 
Oxygen =s 1. iHydr. =s 

6-25 50 


6- 25 

7- 375 
2-875 
2a25 

1- 25 

2- 125 
» 3^5 • 

1 > • 

8 

475 

7-25* 

^8-75 

4-9375 

6-25 

1-75 


59 
. 23 
18 
10 
17 
»8 
84 
80 

38 

58 

550 

39-5 

50 

14 


Barium ... 
Barytes . 

Benzoic acid 
Bibroniide of selenium 
Bibroniide of tin 
^icarbm’et of hydrogen 
Bichloride of bromine 
- molybdenum 

platinum • 
selenium 
titanium 
tin - . • 

tungsten 

Bihydrate of alumina 
Biniodide of phosphoi-us 
Binoxide of barium • 
manganese 
molybdenum 
Biphosphuret of sulphur 
Bismutii . 

Bisulphide of antin^ony 
carbon 
hydrogen 
molybdenum 


8 ^ 

9-5 

15 

25 

27-25 

1-625 

19 

15 

21 

14 

12-25 

16 -^ 

21-5 

4-5 

33-5 

10-5 

*5-5 

8 

6 

9 

12 

4-75 

4-125 

10 


68 
76 
120 
200 
• 218 
13 
152 
120 
168 
112 
98 
130 
172 
36 
268 
•84 
44 
64 
48 
72 
96 
38 
- 33 
80 
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Bisulphide of tungsten 
Bisulphuret of caAcinm 


copper 
iron . 
platinum 
potassiiun 
tin 


Blade oast iron 
Boracio aoid 
Boron' . • 

Bromide of iron 
lead 


moy^'ury 

^f'^ssiom 

8<lenium 

silver 

sulphur . 

tin 


C 


Cadmium 
Caldum . • 

Camphoric aoid 

Carhazotic add 

Carho-hydrogen 

Carbon . • • • c 

Carhonie acid . - '• 

Carbonic oxide 

dSarhur^t of phosphorus 

Carbxiretted nydre^en 

Cast iron, hlaw 
white 

•Chloric acid • • • ‘ _ 

^Chloride of azote 

• haxiikm . 

* bismuth 
cadmium 
ealdum . 
carbon . 
cobalt 

; ; 

iron ^ . 

lead 

lithium . 
magnesium 
manganese 
.mercury 


atomic WlfiltSHTHv 


Oxygen = 1. H 

•6*5 

ly*^= 1 

132 

6*5 

52 

7*2S 

58 

8 

64 

7-6 

60 

1 

128 

9 

72 

11*25 

90 

11*25 

90 

3 

24 

1 

8 

13*5 '4 

108 

23 

184 

22*5 

180 

15 

120 

15 

120 

23*75 

190 

12 

96 

17*25 

138 

7 

56 

2*5 

20 

13*5 

108 

24*5 

96 

0*875 

7 

0*75 

6 

2*75 

22 

1*75 

14 

2*75 

22 

1 

8 

11*25 

90 

1-4*75 

118 

9*5 

76 

19*75 

158 

13 

108 

13*5 

112 

11*5 

92 

7 

56 

5*25 

42 

7*75 

62 

8*5 

68 

17 

136 

8 

64 

17*5 

140 

5*25 

42 

' 6 

48 

6 

64 

17 

136 
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Chloride of molybdenum 
nickel . ^ 

platinum 
selenium 
silicon . 
sodium 
strontium 
sulphur • 
tellurium 
tin 
zinc 

ChU>riist:f 

Chlor-iodic acid . * 

Chloro-carbonio acid 
Chloro-chromic acid 
CMore-cyanic acid 
Chloro-phosphuret of snip] 
Chromic acid . * 

Chromium . 

Citric acid 

Citric acid crystals • 

Cobalt 

Columbic acid 
Columbium 
Copper 
Croconic acid 
Cyanogen 


ATOMIC WBIOBTB. 

Oxygen s= 1. Hydr. s 

10^5 84 

7-75 •62 

128 

9-5 7% 

5*5 • 44 

7- 5 * 60 

10 «0 

6*5 52 

8*5 68 

11-75 94 

8- 75 ’ 70 

4-5 96 

24- 75 198 

. 6-25 . ^0 

88 

N7-75* 62 

10-75 86 

6- 5 52 

4 . . 32 

• 7-25 58 

9- 5 76 

3-25 26 

25- 75 206 

22-75 182 

4 32 

7- 75 62 

3-25 26 


Oecihydrate of chlorine 
Deutoxide of azote . 

hydrogen 
Di bromide ofrmercury 
JJichli^ride of calciupi # 
• carbon 
copper 

? roid 
ead 

mercury 

sulphur 

tin 

Dihydrate of silica 
Didodide of mercury 
Dioxide of g<dd ^ 
Draulphuret of copper 
iron 
leSd 
nickel 

t , ■nn4>T'r»’iirv 


15-75 , 
3-75 
2-125 
35 
9-5 
6 

12-5 

29« 

30-5 

20*5 

8*5 

19 

5-125 

40-75 

96 

JO 

9 

.28 

8-5 . 
27 
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Fli^o-boric 
Flvtorine 
FlutMsUicie ackl 
Fonttic a<!id 
Fiosifitig fsulphuric acid 

G 

Gallic Mid . . 

Glncina 

Glncisnin 

Gold . 

4a 

Hexacarbo-hydrogen 
Hydrate of alumina 
silica 

Hydiiodic acid 
Hydrobromic acid 
Ef ydrocarburet of chlorine 
iodine 

Hydrocyanic acid 
Hydrofluoric acid 
Hydrogen 

Hydrosulphurous acid 
Hyponitrous acid 
HypophosphorooB acid 
Hypoeulphturous acid 
Hyposulphttfie acid 

I 


ICndigotic acid 
Iodic acid 
locUde of bi&4am 
hismntH 
cadmium 
f»deium 
carbon 



mertaory 
pluM^^ioruB 
potaaBium , 
, Bil^r 
sodimm 




ATOMIC WEICIIT9. 


8 

3-25 

2*25 

12*5 


5*25 

3-375 

3-125 

15-875 

10-125 

6-25 

17-5 

3- 375 
2-375 
0-125 

14-375 

4- 75 

5- 5 
5 

9 


34-1^5 

20-75 

24-25 

24-75 

22-75 

18- 25 

16- 5 

19- 75 

19- 25 
S8-76 

28 - 25 

17 - 75 

20 - 75 

29 - 5 
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Iodide of strontium 
sulphur 
tin 
zinc 

Iodine 

Itidium 

Iron 

• 

L 

Lead 

Lime . 

Lithia 
Lithium . 

M 

Magnesia 
Magnesium 
Manganese 
Manganesic acid 
Margaric acid 
Mellitic acid 
Mercury 
Molybdenum 
Molybdic acid 
Mucic acid 
Muriatic acid • 

N 

Naphthaline 

Nickel 

Nitric acid • . 
Nitrous acid 

O 

Olefiant gas 
Oleic acid 
Osmium 
Oxalic acid 
Oxide of antimony 
bismuth^ 
cadmium 
cop^ ^ 
gold 
inUiam 
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Oxide of pAlladmm 
' seleninm 
eilicA: 

,teUttrinni 
sine . . • 

Oxjpdilorideof snlphide of evarbon 
Oxi^%en ..... 


Pfdladium r . 

Perbromide of phosphorus 
Perchloric acid 
Percihloride o^^e^zmony 
^ingiuiese 
^osphorus 

Perfluoride of mang^anese 
Perhydrate of iron 
Periodide <^f phosphorus 
Peroxide of ^cium 
OM’ium 
cobalt 
iron 
lead 
nickel 
platinum 
potassium 
rhodium 
sodium . 
strontian 
tin 

ur<mium 

Persulphuret of arsenic 
bismuth 

PcfTSulphide of antimony 
P&bsphoric acid 
Phosphorous acid 
Phosphorus . ^ 

Phe^hnret ttf bsirium 

. <diromium 
■ ' copper 

PlM^pkureittbd hydrogen 
Pbatinum . . 

Protoeidoride' of phcl^orus 
Ptotohydr^b^ sulphuric acid 
ProtoBuhi^^Mu^’-of potassium 
Protoxiw of hsote 

cerium . 
chlorine 
dirominm 


•i:- 


ATOMIC WKIUHTS. 


Oxygen = 1. 

'7*75 

6 

14*75 

5 

5-25 

13-76 

1 


Hydr. = 

b2 

4B 

118 

40 

42 

110 

8 


6-75 , 

27 
11-5 
19*25 
14*75 
15*5 

9*126 

6*125 

41*875 

4*6 

7 

4*76 

5 

15 

4*76 

14 

8 

8*25 

4*5 

7*5 

9*25 

28 

22*75 

13 

13 . 

4*5 
3*5 





10*5 

6 

6 

8*375 

12 



54 

21'6 

92 

154 

118 

124 

73 
49 

331 

36 

56 

38 

40 

120 

38 

112 

64 

66 

36 

60 

74 
224 
182 
104 
104 

36 

28 

16 

84 

48 

48 
27 
96 
52 

49 
56 
22 
52 
44 
40 
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Protoxide of cobalt • 

ffold • * 

iron 

lead 

manganese 
molybdenum 
nickel . 
pla^num * 
rhodium 

Protoxide of tin . * 


Potaslf * ^ 
Potassium 


uranium 


ATOMIC 

Oxygen » 

4^35 
13-5 
4 ;S 
t 14* 

4*5 * 
i. 7 
4*25 
13 
7*75 
8-25 
27 
% 

5 


J. Hydr. = 1. 

I ^ 
108 
36 
1K2 
36 
56 
•34 
104 
62 
66 

• 216 
48 
40 


QuatercUoride of azote 
Quateroxide of cUoriTie* . 
Quatersulphiuret of pTStassium 
Quatersulphide of molybdenum 
Quintosulphuret of barium 
calcium* 
copper 
potassium 


i • 

19*75 

8*5 

13 

14* 

18-5 

;i 2-5 

14 

15 


158' 

68 

104 

112 

148 

100 

112 

120 


Red antimony 
Rhodium 


31*5 

6*75 


Selenic acid 

Seieniet of tfrsenic . » . 

Selenietted bydroge% 
Selenious* acid • 

Selenium . . . • . 

Sesquibromide of antimony 
arsenic 
pbosphozps 

Sesquichloride of antimony 
arsenic 
carbon 
gold 
mm 

j^hosphoms 
Sesquifluortde of antimony 

. * inenic . • 
Seaquieuc^Ucic a«»d 
SeeqniqlKfA of phosphorus 


8 

9*76 I 
5rl25 
7 
5 
2 S 

12*75 

17 

14^75 

7*5 • 

12*25 

io-s 

8*75 

M-97S 

6*125 

t ‘876 

• 1 S 75 


64 

78 

4b 

56 

4<f 

m 

158 

^36 

118 

92 

60 

154 

84 

70 

91 

35 

31 

17*5 
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Se8<]i;n>iodide of antimony 
aramiic' 
carbon 
phoapborus 
SeaqadoxMe of cobalt 
lead 

manganese 

Seaqaiphosphuret of aulphur 
Sesquisulpnaret of araenic 
iroLi 

aeieniiun 
' tin 

Seaquisulpbide of antimony 
, irold 
'‘platinum 

Silica 

Silicet of carbon 

hydrogen 

Silicon 
SUT-el- 
Soda 
Sodinm 
Stearic acid 
Strontiau 
Strontium 
Suberic acid 
Suboxide of copper . 

maaganeae 
mercury 
platinum 
^ ^ '"ailver 

Subaulphmous acid . 
Succinic acid 
jSul^hide of araenic . 

hydrogen 
Subpho-chromic acid . 
Sulphur 

Sulphuret a£ sxaenic . 

bOitit&i . 
OiHliilMa 

boron 
cadmium 
odbium 
<dikominia 
cobalt 
copper 
'"hPAn 
lead 
Bduam 
magneaium 







ATOMIC weights. 


Onvgen = 1. 

Hydjf. s= 1 

^1*625 

253 

3&>375 

227 

24^75 

195 

25>625 

205 

4*75 

38 

14*5 

116 

5 

40 

5 

40 

7*75 

60 

6*6 

52 

8 

64 

10*25 ' 

* 82 

11 

88 

15*5 

124 

15 

120 

2 

* 16 

1*75 

14 

1*125 

9 

1 

8 

13*75 

110 

4 

32 

3 

24 

33*25 

266 

6*5 

52 

5*5 

44 

12*5 

100 

I 9 

72 

4 

32 

26 

208 

25 

200 

21*625 

173 

3 

24 

6*25 

50 

9*75 

78 

2*125 

.17 

11*5 

92 

■ 2 i 

16 

6*75 

54 

10*5 

84 

11 

88 

3 

24 

9 

72 

4*5 

36 

6 

48 

6*25 

42 

'' 6 

48 

5is5. 

44 ' 


120 


♦22 

' 

28 
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ATOMIC WEIOUTS 


Sulphuret of numganese 
mercury 
nickel • 
platinum 
silicon • 
silver 
sodium • 
stroitfian * 
tin 

uranium 
zinc • * 

Sulphuf ic acid • 
ether 

Sulphurous acid 


Tannin . 

Tartaric acid 
Tartaric acid crystals 
Telluretted hydrogen • . ^ 
Tellurium 

Terchloride of columhium . 

molybdenum 
* timgsten 
Teroxide of chlorine 
Tersulphide of columhium 

molybdenunf 

tungsten 

Tersulphuret of potassiufn 
Tetartocarbo-hydrogen 
Tetra-snlphuret of iron 
Thorina . 

Thorium • • 

Tin . 

Titanic acTd 
Titanium 

Trishydrate of silica^ 
Trisiodide of gold 
Trisphosphuret of copper 
Tritocarbo-hydrogen 
Tungsten 
Tungstic acid • 








Vinic acid 
Uranium , 
Uric 


u^v 


Ltals 


Ox\gen =3 1 

14*5 

6^5 

14 

3 • 

16-76 

6 

7-6 

9-S6 

28 


6-26 

r 50 

S 

40 

4-626 

38 

4 

H2 

8-76? 

70? 

• 

66 

9-876 

76 

4-125 

38 

4 

1 32 


36-26 
19-6 
26 

7- 6 
28-76 
12 
18-5 
11 

8 - 6 , 
16 

8-5 
7-6 
7-25 
6-26 
3-25 
»125 
68*25 

8«826 
12-6 J 
1^6 •' 


»26 

26 

9, ^ 


11-26^ 


Hydr. =x 

44 
146 
42 
IIS 
24 
126 
40 
■> 60 
74 
224 


290 

159 

208 

60 

280 

96 

148 

88 

2 % 

128 

68 

60 

68 * 

26 

57 

426 

112 

21 

100 

124 


66 

208 

72. 

^O 
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Water 

White cast 
« 


Yttria 

Yttrium 


Zinc 

Zirconia 

Zirconium 


W 


ATOMIC WEIOIITR. 


Oxygen = 1. 


Hyur. = 1. 


e 

iron 


Y 



Z 

>r 


1-125 9 

14-75 116i 


5-5 44 

4-5 36 


4-26 

3-75 

2-75 


34 

30 

22 
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A 


Acetic acid, ii. 47 
ether* ii. 325 
Acetous acid, ii. 47 
Acid ethers, ii. 309 
Acids, ii. 1 

aftion of, on salts, L 45 
different classes of, i. 91 
dissolved by ether, il. 306 ^ ^ 
division o&ii. 2 * 

Affinity, tables ^ U 32 
what, i. 31 

Air, composition of, i. 57, 99 
ciephlogisticated, i. 53 
cmpyreaL i. 53 
vital, i. 53 
Alcoates, li. 283 
Alcohol, i. 316— ii. 263 

solubility of bodies in, ii. 232 
Aleinbroth, sal, ii. 825 
Alkali, fossil, i. 412 

mineral, i. 412 
Alkalidable bases, i. 333. 

Alkalies* ii. 257 

compound, table of, ii. 259 
Alkaline bases, i. 391 
Allantoic acid, ii. 167 
Alloys of bismuth, I. 610 
copper, i. 507 
gold, i- 648 
iridium, i. 692 
iron, i. 508 
lead, i. 567 
osmium, i. 699 
palladium, i. 679 
platinum, i. 669 
rhodium^i. 683 
silver, i. o35 
tin, i. 591. 

Alum, aSnmon^cal, Si. 751 
common* ii. 757 
soda, ii. 766 

native, ii. 767. 

A lumen, IL 757 
Alumina, i. 451,454 

acetate of, ii. 545 
ammonia sulphate of, ii. 751 
ammonia, trisulphate of, ii. 752% 
arseniate of, ii. 543 
benzoate of, li. 546 
binarseniate of, ii. 543 
biphosphate of, ii. 543 
biseleniate of, ii. 544 
borate of, ii. 543 
carbonate of* ii. 542 
camphorate ii. 546 
cholcsterate o^ii. 547 
chromate of* ih 544 


citrate of, ii. 545 
dinltrate of* ii. .542 
diphosphate ii. 543 
ferrcHSUtphate of* ii. 768 

g ate ot, ii. 859 
Bate of. ii. 862 


Alumina* gallate of, ii. 54^ 

hyposulpnate of, ii. 541 
hyposulphite of* ii. 541 
* lactate of, ii. 545 

malateol^iW^ 
mucate 

muriate otvC^l^ 
nitrate of, ii^Ml w 
oxalate of, ii. d 44 
perferrowsulphate of, ii. 769 
phosphate of, ii. 542 
phosphite of, ii. 543 
pinate of, ii. 547 
potash-carb^ate of^i. 178 
» potash.oxalate of, ii. 768 
potash-sulphate of, ii. 757 
potash-tartrate of, u. 794 
potash-trisuli^ate c^it.<758 
salts of, U. ^9 
selenite of, it 544 
silicate of, ii. 548 
soda-sulphate of, it 766 
suberate of, il. 547 
subsulphate of, it 540 
succinate of, it 546 
sulphate of, it 540 
sulphite of, it 541 
tartrate of, il. 545 
4 trisnitrate of, ii. 542 

trisul]>hate of, ii. 540 
tungstate of, ii. 544 
^ urate of, ii. 547 

Aluminum, t 451, 452 

bromide ofL it 844 ^ 
chloride of, it 815 
cyanodide of, it 868 
ferro-cyanodide of, it 894 
fluoride of,.ii. 855 
sulpho-arsenlate of, it 916 
0 Bulpho-arsenite of, ii. 923 ^ 

. Amalgam of mercury and ammonium, i. liT 
Amalgams, i. 624 

Ambreic acid, ii. 141 • 

► Ammonia, i. 138 

and potash, bqrp.tartrate of, ii. 805 
acetate ot li. 
antimoniite of, ii. 390 
antimonSt;^ oL It 391 
•arseniatoof* 11^387 
benzoate of, ii. 397. 
bibenzoate of, it 9^ 
bicarbonate o:^ it 384 
bichromate of. It 391 ^ 
bUiydrofluatd of, ii. 852^ 
bimalate of, it 
bSttolybcbite 6f, U. 392 
Iritiacetate of, it 395 
binarseniate of, ii. 388 
binoxalate of, ii. 394 
biphosphate of, ii. 386 
biselenlte of* It 390 
bisulphate of, U. 380 
bisulpho carbonate of, ti. 906 
bitartrate of, ii. 396 
bitungstate of* 
boletate of, ii. 396 
I borate of, ii. 388 

bromo-hydrargyrate of, ii. 816 
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Ammonia, butyrate of; ii. 400 

camphorateof, ii. 399 
caproate ii. 400 
carbaaotate of, il. 400 
carbonate pf, li. 383 
cbloro-oftmiate of^ ii. 841 
chlorojpftatinate of, iL 83t 
cbloroistaDnate of, ii. 8d4 
cholesterate of; ii. 400 
cibroiiiate of, ii. 391. 
citrate of, iL 395 
coliimbate of, iL 393 
combinations of, with anhydrous 
salts, ii. 806 
composition of, L 143 
dichioro-palladiate of, U. 838 ^ 
duoborate of, ii. 858 
fluo^bolumbate of, ii. 854 
fluo-silicate of,'it.96(^ , 

duo-titaniate of, ii. C65 
formate pf, ii. 395 
fungate 6t*, ii. 397 
fblminate of, ii. 876 
gallate of, ii. 398 

hydriodate of, ii. 847 ^ 

hydrobromate pf, ii. 643 
hydrocyalJrf^of, ii. 867 
hydroferro.(7 aiiate of, ii. 89J 
hy^roduate it 8.58 ' 
hyclrosulpho^anatc of, ii. 8 h 6 
hyponitrate of; ii. 383 
hypopbos])hite of, U. 387 
hyposulpnate of, ii. 381 
hyposulphite of, ii. 381 
X'ldii '>tate of, ii, 401 
kinatc of, it J98 
liquid, 1 140 
malate oi; it 397 
margarate of; ii. 399 
meconate of, it 398 
melUte of, it 395 
molybdate of, it 392 
mucate of, ii. 397 
muriate of, ii. 809 
nitrate of, it 381 
oleate of, it 400 
oxalate of, it 393 
pbocenate li. 400 
phosphate of; ii. 385 
phosphite of, it 386 < 

pinate of, it 400 ^ 

pyroraucate of, it 397 
pyrotartrate of, ii. 396 
quaterselenlte, ii. 390 
salts of, it 379 
se^quiborate of, ii. 388 
sesquicarbonate of, ii. 384 
sequichloro-osmiate of, ii. 841 
selenite of, it 390 
sexborate of, it 389 
silicate of, ii. 390 
silvateof, it 400 
stearate of, it 399 
suberate of, it 399 
succinate of, ii. 397 
sulphate of, it 379 
Bulphitervf, i^350 
sulpho-j 

8iU%o.tMlpil|ll^ it 901 
suqdio-nmybmke of, it 929 
sulfihP^aqphihalii^ pf, it 401 
sulpho-vinate pi; It 401 
l^rtrate .of, ii. 396 
t^uratb;ia;u.39l 
tcrt)ocab^,ri.389 ^ 
tmb^oUKin^ 

Utaniate of, It ST 
vitiate of, it 396 

401 . 

Ammonium, wha( 

Amnlotlc acid, it 

Am^e^ vtewbf the electro-chemical theory 

Anthrarie,^tfitP2 ' 

An^r .^niet of copper, i. 607 
' of gol^ t 648 


Antimoniet of iron, I. 508 
oflead, i. 567 
of mercury, i. 624 
^ of platinuni, i. 668 
of potassium, t 41 1 
of silver, i 6^5 
of tin, i. 581 
Antimonic acid, i. 320 

potash-tartaratc of, it 799 
Antimonious acid, i. 318 
Antimony, i. 315 

acetate of. It 726 
argento-tartrate of, ii. 801 
arson late of, ii. 725 
^.rsenite of, ii. 725 
atomic w-^ight of, i, 321 
barytes-tartrate of, ii. 800 
bensoate of, it 726 
calcareo-tartrate of, ii. 801 
r.'^hlorides of, i. 3^2 
chromate o^ ii. 725 
croconate of, ii. 725 
fluoride of, ii. 858 
fluo-silicate of, ii. 863 
gallate of, ii. 726 
molybdate of, it. 726 
nitrate of, it 725 
oifalate of, ii. 726 
oxides of, i. 317, 321 
phosphate of, ii. 72.5 
phosphite of, ii. 725 
'l>c wash -oxalate of.'ii. 790 
potash-tartrate of, 796 

protoxide of, salts ii. 723 

sulphate of, it 724 
sulphite of, it 725 
sulpho-arseniate of, ii. 919 
' sulpho-arsenite of, it 927 
tartrate of, it 726 
Ants, acid of, ii. 58 
Aquila alba, t 616 

mltigata, i. 618 
Arbor Dianae, i. 632 
Arcanum duplicatum, it 403 
tartari, ii. 4^ 

Ardent spirits, il. 263 
Argentum vivum, t 611 
Argil, t 451 
Arsence, t 299 

acid, i. 302 
butter of, i. 306 
chloride of, t 306 
fei'ro-cyanodide of, ii. 898 
oxide of, i. 305 
white, t 301 

white oxide of, salts of, ii. 723 
Arteniet of aluminum, t 456 
antimony, t 331 
bismuth, i. 610 
cobalt, i. 542 
copper, i. 597 
glu Jnum, t 460 
gold, i. 647 
iron, i. 506 
' lead, i. 567 
mercury, i. 624 
molybdenum, i. 361 
nickel, i. 535 
platinum, t 668 
potassium, i. 41 1 
silver, t 635 
sodium, t 417 
tin, t 580 
sine, t 551 

Arsenietted hydrogen, L 309 
Arsenious acia, i. §01. How detected, i. 304 
Aspartic acid, il. 160 
Asphaltum, it 370 

Atmosphere not unlimited, t 4 . 

Atoms, may be both ifjegative and positive, i. 

— Shape i. 15— Sise of, t 7 ,l 3 — Unite in 
definite proportions, t 4^'What, i. 3— 
Weight of, t 8 ^ 

Ax-rum mosaloum, i. 579 
■ musivum, t 579 
Auto&glite, i. 547 
Asote, t 112 

acids of, ii. 5 
atom of, i. 132 
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Azoic, bromide of, unknown, i. 136 
carburet of, i. 211 
chloride of, i. 134« 
compounds of, liith oxygen, i. 1 14 
deutoxide of, 1 ^ • 

discovery of, I, 1 12 
dry bicai'buret of, i. 210 
iodide of, i. 137 
properties of, i. 113 
protoxide of, i. 110 
Azulmic acid, ii. 254 


Balloons, how raised, i. 

Barilla, i. 413 
Barium, i. 422, 424 

bisulpho.carbonate of, ii. 843 
bromide of, ii. 843 
chloiide of, ii. 812 
chloro-aurate of, ii. 8:12 
chIpiO'palladiatc of, ii, 838 
chToro-platinate of, ii. 835 
chloro-stannate of, ii 825 < 

cyanodidc of, ii. 808 
ferro-cyanodide ol', ii. 893 
fluoride of, ii. 854 
iodide of, ii 849 
/^squichloro-hydrargyrate of, ii, 
sulpho-cyanodide ot; ii. 887 
sulpho<*arscniate of, ii. 915 
sulpho-iiydrate of, ii 804. ^ 
sulfaho-nSlybdate of, ii. »3i 
Barote, 1. 422 ^ 

Barytes, i. 423, 4Wr 

acetate of, ii. 487 

alien toate ofV ii. 493 

ammonia-carbonate of, ii. 770« 

antimoniate of, ii. 484 

antimonite of, ii. 484 

arseniate of, ai« 482 

aspartate of, ii 493 

benzoate of, ii. 490 

bicarbonate of, ii 480 

bicltrate of ii. 489 

bihydrated hyposulphate of» ii 470 

biraalatc of, ii. 489 

binarseniate of, ii 482 

binoxalate of, ii. 48(> 

biphosphatc of, ii 480 

biphosphite of, ii. 482 

bi selenite of, ii 484 

bitartrate of, ii. 488 

bivinato of, ii. 488 

boletate of, ii. 499 

bromate of, ii. 478 

butyrate of, ii. 492 

camphorate of, ii. 490 

caprate of, ii. 492 

caproate of^ ii 492 

carbazotate of, ii. 403 

carbonate of, ii. 479 , 

^lorat# of, ix. 478 
cholesterate of, ii. 492 
chromate of, ii. 484 
citrate of, ii. 489 
columbate of, ii 485 
crocoiiatc of, ii 480 
cyanate of, ii. 873 
diarseniate of, ii. 483 
dimanganate of, ii. 480 
diphosphite of, ii 482 
fluo-boratc of, ii. 859 
fluo-silicate of, ii. 801 
formate of, ii. 487 
fulminate of, ii. 877 
fungate of, ii. 490 
gallate oi; ii. 490 
hypophosphite of* ii 482 
hyposulphite 475 

iodate ii. 
indigotate of, ii 493 
kinate of, ii 480^ 
lactate ou U. 4^^ 
inal«te 01411 . 489 

► of, Ii 486 
mat jl ggiit li' iifc . ii. 491 
mccoaMii AHi 490 
mellate -of; 4.- 48H 


Barytes, molybdate of, ii. 485 
mucate of, li. 490 
nitrate of, li 4/77 
nitro-phosphate of, ii 803 
oleatc of, ii. 4^ 
oxalate of, ii. 486 
phocenate of, li. 401 
phosphate of, ii. 48i)(a 
phosphite of, ii. 481 
pinate of; ii. 492 _ 

potash-silicate of, ii. 784 * 
potash^tartrace of, ii. 793 
jxyrocitrate of, ii. 489 
p 3 rromalaee of, li 489 
pyromucate of, i|. 490 
pyrotartrate of, li 488 
pyruirate of, ii. 493 
quaterborate of, ii 483 
quatf^ydr^^hyposulphatc o 

» seienit^ of, ii 484 

sesquipbospbate o 4 ii* 
silicate of, ii 484 
silvate of, ii 493 
. sinapate of, ii. 494 

soda-tartrate of, ii. 800 
stearate of,*li.<«i9JL • 

Buberate of, 

subeesquarsenwe of^ ii 483 
MVuccinate of, 11 / 1^0 8 • 

sulphate of, it. 474 
sulphite of, ii 475 
sulpho.naphtha)ate of, ii. 494 
sulpho-vlnate of, ii 493 
tartrate of, ii 488 
tellurate of, xi.^ld4 
t^rborate oi; ii 483 
tungstate of, ii 485 
vegetosulphate of, it, 494 
vinate of, it. 488* 
uraniate of, ii. 485 
urate of, li. 493 
Bases, ditfhrent classes of, i 91 
simple acidiflable, i 93 
Bell metal, i. 603 
Benzoic acid, ii 93 

ether, ii. 328 

Bergman’s theory of aillDity, i 32 
Berthollet’s theory of aiflnity, i 33, 34 
Beryl, i. 457 
%ezoardic acid, li 156 
Bibrozeide of tin, i 577 
Bicarburet of hydrogen, i. 201 
Binary, compound ; why decomposed by 
body, i. 43 * 

Binoxide of manganese, i 516 
Bismuth, i. 1504 
^ acetate of, ii. 685 

arseniate of, ii. 684 
benzoate of, ii 686 
bisulpho.carbonat 0 of, ii. 909 
borate of, ii 684 
chloride of, ii 822 
chromate .ofL li 684 
crocoiiate ii. 686 
^dinitraU} of, ii 683 
formate of, ii, 685 
" mplybdatejxf, ii.^85 
nitrate 

oxalate o 4 A IWI 
phosphatase W!B4 
pinate of, il. 686 
Lilts of, ii. 681 
BiUcate of, U. 684 
succinate of, lij^ 
sitohate of, iLT 

li 918 

suipno-arsenlte of, ii 925 
sulptio-moiybdxte of, li. 933 
sulmo-^anodide of, ii 889 
•upemitrate o^i. WSf ^ 
tartrate of, U» 611 
tetartonltrate o4 4- 683 
trlscarhoKMite 

trissiilphate^oftB. 
Bisulpho-cyanpdidtt, ii 990 -i 

Bisulphuret of cal^um, 1 . 445 
carbon* 1 . 278 


r, ii. 476 


a third 
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Bisulphurct of cobalt* i. 542 

hydrogen* i. 278 
iron, i. 505 
potassium* h. 407 
Bitter princit>le of indigo* ii. 151 
Bitunh^ns, ii. 305* 309 
Bituminous oils, ii. 805 
Black oxide of ircgifi. 488 
Ble^hing powder* i. 01 
Blend* i. 550^ 

Blue vitriol, li. 660 

Bodies* simple or compound* i. 1 

Boletic acid* ii. 112 

Borage acid, i. 212, 218, ii. 18 

Boral, i. 212, ii. 459 

octahedral, ii. 460 
Boruret of iron* i. 501 

of platinum, i. 665 
Boretted hydrogen, i. 220 ^ 
Borochloric add, L 216 
Boron* i. £12 

sulphuret ofiei. 282 
Brandy, ii. 264 
Brass, i. 500 
Braunite, i. 515 
Brimstone, i. 259 
Britisl sulphuric 29 

Bromic acid, i, 73 
Bromide of ar^nic, i. SSP*- 
• b?"muth,|?608 
/ carbon, i. 181 


cyanogen, ii. 238 
glucinum, i. 459 


Bromide of gold, i. 645 
iodhie* i. 85 
492 * 

lead* I. 564 
mercury* i. 620 
phosphorus* 1. 247 
platinum*.!. 664 
potassium* L 403 
selenium* 1. 292 
silver, i. 633 
sulphur, i. 272 
tin, i. 576 
Bromine, i. 70 
Bromine acid salts, ii. 842 
acids of, ii. 5, 195 
chloride of, i. 75 
hydrocarburet of, i. 182 
Bromo-hydrargyrates, ii. 846 ' 
Bronze, i. 602 

Brown oxide of chromium, i. 334 
Butter of arsenic, i. 306 
Butyric acid, ii. 132. 

Bjuyrine, ii. 43 ^ 


C 


Cadmium, i. 552 

acetate of, iL 625 
arseniatc of, ii. 623 
bisulpho-carixmate of, ii. 906 
borate of, it. 624 
carbonate of, iL 623 
chloride of*.iL 820 
chloro-miraie of, ii. 833 • 
chioro-^ladMe of* u. 8^.^ 
chloro-pli^bUitg of; H 837 ^ 
chromate^ 
titrate 

fomnate of* ft 625 
oAiln^i^ Of, it 882 
bypojiibpale oC it 623 

oxalate^ H. 0S4, . - 

pboq^ahe of, it 683 
potaih* sulphate of, ii, 703 

BuednaiS^it 625 
sulDitate oC it 622 
SIpSlIHUBeiiigte of* ii .618 
of. It 984 


suIpho.molybdate of* 933 


Cadmium, tartrate of* ii. 625 
Caking coal, ii. 374 
Calchantum, ii. 567 
Calcium* i. 4M 

OiBUlpho..carbonate of, ii. 907 
bromide of, it 843 
chloride of, ii. 813 
chloro-palladiate of* ii. 838 
chloro-platinate of* it 835 
cyanodide of* ii. 8^ 
ferro-cyanodide of* ii. 893 
fluoride of, ii. 854 
iodide of* iL 849 * 

quinto-chloro-bydrargyratc of, ii. 828 
sulpho-arseniate of, ii. 915 
s^]pho..arsentte of* ii. 922 
sulpho^hyflrate of* ii. 904 
sulpho-molybdate of, ii. 931 
8ulpho..cyanodlde.of, ii. 887 
terchloro.aurate of* ii. 833 
Calomel, i«>618 
Camphor, ii. 114 
< Camdioric acid, iL 114 
Cannti roal, ii. 375 
Capric acid, ii. 136 
Caproic acid, ii. 134 
Carbazotic add, ii. 151 
Carbo^hydrogen, i. 194, ii. 301 

sesquichloridc of, i. 191 

Carbon* i. 148 

atomic weight of* i. 169 
bisulphuret of* i. 278 
ffro'fliide of* i. 181 
chlorde of, i. 177 i: 
compound of, with osi^ygen, i. 16i 
dichloride of, i. 179 

forms 3 compounds with chlorine* i. 173 
. gaseous sulphuret of, i. 281 
iodides of, 1 . 182 
phosphuret of, i. 258 
sesquichloride of* i. 173 
solid sulphuret of* i. 281 
Carbonate of iron* i. 480 
Carbonic acid* ii. 14. 

composition of, i. 1(55 

how obtained* i. 162 

liquid* L 165 

properties of, L 163 

quantit^of* in the atinosplierc. 

Carbonic oxide, i. 1 ^--composition of, 169 — 
how obtain^, i. 167— proi>cr ties of, i. 16S 
Carburet of cerium, i. 468 
iron, i. 493 
manganese, i. 524 
nickel, i. 533 
l>alladium, i. 677 
lK>tassium, i. 404 
zirconium, i. 474 
Carburetted hydrogen, i. 187 
I Case hardening, i. 500 
i Caaeic acid* iL 57 
Cast iron, i. 42B— kinds of, sAir/, 
comx> 06 ition of, i, 491 
(.eritc, i. 464 
Cerium, ?. 464, 4(55 

acetate of, ii. 559 
arseniate of, ii. 558 
benzoate of, ii. 560 
bichromate of* ii. 559 
binarseniate of; ii. 558 
Jwelenite of, ii. 559 
ulBu1pho.arBeniate of, ii. 916 
I c4eibonate of, ii. 558 

chloro-hydrargyrate of* Ii. 830 
chromate of, li. 559 
citrate of* if . 560 
dlsulpbate of, 557 
ferro^yanod&de of* ii. 894 
fluoride of^B55 
molybdate of, ii. 559 
nitrate of, ii. 558 \ 

oxalate o( ii. 559 
sails of per<j«.lde of, ii. 556 
I satto of protoxide of, JiL 560 

biselenite of* U. 
disulphate of* lL.4nll 
nitrate of, ii. 
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Cerium, selenite o(L li. 562 

^ sesquioxaiaie of, ti. 562 
sesquiflulufaate of, ii. 56f) 
subsesquiphoiBhate of, ii. 558, 561 
potash.ca^iilte of, ii. 778 « 
potash-carbemsted peroxide of, ii. 776 
potabh.oxaldtc of, ii. 788. 
potash-sesquUulphate of, ii. 759 
potash.sulphato of, Li. 759 
selenite ii. 559 
succinate of, ii. 560 
sulphate cmT, ii. 556 
sulpho-arseniate of, ii. 916 
sulpho-arsenite of, ii. 923 
sulplio-molybdatc of, ii. 932 
tartrate of, iL 569 • 

(Vrussa, ii. 633 * 

Jtetine, ii 357 

(''cvadic acid, ii. 139 , 

('hamclcon, mineral, i. 518 

Charnoisite, ii, 573 < 

Charcoal, — ^absorbs gases, i. 150— comiiosi- 

• • tion of, i. 151 ^ • 

formed above a red heat, i. 

under a red heat, i. 149 
from ceal gas, i. 159 i 

properties of, i. 149 

Ciiernicai compounds not decomposed mechani- 
t:al1y. i. 26— but by the addition of a third 
bodyTi. 27 

Chemical union, i. 30— phenomena of, i. 24 
Chemistry, definition of, i. 1 ..... 

Cherry coal, ii. JQ# 

Chloric acid, i. 

Chloric ether, iil313 
Chloride of azotl, i. 134 

bismuth, 1. 607 
boron, i. 216 
cadmium, i. 555 
calcium, i. 441 
carbon, 1. 177 
cerium, i. 468 
chromium, i. 337 
cobalt, i. 541 
columbium, i. 375 
cyanogen, ii. 234 
glucinum, i. 459 
lead, i. 563 
lime, i. 448 
lithium^ i. 421 
magnesium, i. 449 
nickel, i. 532 
oxide of carbon, i. 170 
IKitassium, i. 403 
selenium, t. 291 
silver, i. 631 
sodium, i. 4 17 
strontium, i. 433 
sulphur, i. 270 

thoiiuim i. 478 * 

titanium, i. 385 
yttria, i. 463 
zlnqi i. .548 
zirconium, i. 47 1 
C hlorides, ii. 808 

of coivpcr, i. 5il3 
of gold, i. 644 
of iridium, i. 688 
of iron, i. 492 
of manganese, i. 522 
of mercury, 1. 61.5 
of molybdenum, i. 357 
of osmium, i. 697 
of palladium, i. 676 
of phosphorus, i. 244 
of platinum, i. 663 
of rhodium, i. 681 
of tin, b 575 
of tungsten, i. 367 
Chlorine, i, 58 • 

acids, ii. 186 
decihydrate of, i. 6:1 
discovery of, i. 58 
liquefied by prAsure, i. 
qijadroxidc of, i. 66 
l«rMI]n2fion of, i. 59 
prS cr^ b of, I. 60 
pr^|b9i440i|ltf.i. 64 


Chlorine acid salts, it. 808 

why it decomposes oxides, 1. 40, 42. 
Chloriodic acid, I. 84 
Chloro-aurates, ii. 831 
Chloro.carbonic acid, i. 170 
Chloro-cvanic acid, U. 234 
Chloro-cksomic acid, i. 338 
Chloro-hydrargyrates, ii. 8^ 
Chloro.indiates, ii. 839 
Chloro-osmiates, ii, 841 
CWVopal, ii. 574 
Chloro-pailadiates, it 837 
Chlorojihosphuret of sulphur, i. 285 
Chlonvplatinates, ii. 833 
Chloro-rhodiates. ii. 839 
Chloro.stannates, ii. 824 
Chol«teric acid, il. 143 
Chlosterine, ii. 143, 360 
Chromiet of iun, i. 4M)9 
Ciiromic ag^dJsL335 
, Chromium, i. 331 

acetate of, il. 831 
arseniate of, ii. 728 
atomic weight of, i. 334 
binarseniate of, ii. 7^ 

' binoxalate of, ii. 731 

biphosl9ha«e pf, ii. IVfi e 
bisu]pbG0^.rbonate of, ii. 909 
sbromide or, ii. 846 
chromate of#ii. 730 8 
citrate of, ii. 731 
dicarbonate of, ii. 729 
fcrro-cyanodide of, ii. 698 
fluoride of, ii. 858 
fluo-silicate of, il^63 . 
Ailminate ii. 8R> * 

molybdate of, ii. 730 
nitrate Of, ii. 728 
oleate of, U. 73B 
oxalate of, ii. 730 
pentacarbonate of, ii. 730 
potash carbonate of, ii. 779 
potash tartrate of. It. 799 
pro|>erties of, i. 333 
protoxide of, salts of, ii. 726 
succinate of, il. 732 
sulphate of, ii. 727 
sulphite of, it 728 
sulpho-arseniate of, ii. 919 
sulpho-arsenite of, ii. 927 
* sulpho-oyanodide of, ii. 890 

tartrate of, U. 731 
trisc^arbonatc of, ii. 729 
C^innabar, i. 622 
Citric acid, ii. 71 
C'itric ether, iL 331 
Clay ironstone, ii. 570 
Coal, blind, i. 153 
• gas, i. 208 
foul, i. 1.53 
pitch, i. 153 
Cobalt, i. 536 

acetate of, ii. 608 
ammonia-nitrate of, ii. 774 
ammonia-oxalate ot, ii. 786 
ammonia- sulphate oi^ ii. 754 
antimoniate il. 
aiitimonite a/L IL 6OT 
arseniate 0411.006 
benzoate 

bisulphate o^bC 0Mi 
bi8uIpho.4HU(l>anate a44L 908 
borate of, ii. 086 
carbonate of. iL 006 
chloride 04 U* 819^ ^ 
chloMKOuisate of, 
cblomJMdrarggripillO ot it 831 
cblo^piatloate ^ ii 8S7 
chromate of, 
cyano^fide of, ii. 809 
fenrowcyanodide of, il. 897 
fluoride of, it. 8S6 . 
fiuo.4dlicatc of, ii. 862 
formate of, ii. 608 
fiilmloate of, ii. 880 

lactate of, ii. 608 
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CoMt, molybdate of, ii. 008 
nitrate of« Ii. 605 
^eate of, ii. 609 
oxalate of, ii 608 
.pinate of^ ii. 609 
phosphate of, it 606 
potasVi.sutphate of, ii. 762 
potash tartwree of, li. 705 
properties €>f, i. b&it 
salts of, it 603 
selenice of, ii. 607 
silicate of, U. 606 
subeulphate of, ii. 604 
succinate of, ii. 609 
sulphate of, ii. 604 
sulpho-arseniatc of, ii. 918 
sulpho-arseiiite of, ii. 024 
su]pho.molybdate of, ii. 933 
sulpho-cyanodidc, ii 888 1 
tartrate of, ti. 608 . i 

Cobalus, i. 536 

Coking of coal, described, L 482 
Colophon, ii. 145 
Colophonic acid, ii. 148 
Columbet of iron, i. 509 
Coiumblc acid, i. 373 

** ? borate ol^ il.*747 

phosphateC f, ii. 747 
, sales of, iL 746 * 

^ulphat^ of, ii. 7V7 ^ 

/ tungstate of, ii. 747 

Columbium, i. 370 

Columbium, ferro.cyanodide of, ii. 899 
Compound body, wliat, i. 1 
Compounds, secondary, ii. 377 
Copper, i. 583e 

acetate of, ii. 672 
ammonia-acetate of, ii. 790 
ammonia-carbonate of, ii. 777 
aramoTda-nitrate of, ii. 774 
ammonia-oxalate of, ii. 787 
ammonia-sulphate of, ii. 755 
anhydrous dicarbonate of, ii. 665 
antimoniate of, ii. 670 
antimonite of, ii. 670 
arseniated, ii. 668 
arsenite of, ii. 66$3 
benaoate of, ii. 676 
bimalate of, ii. 675 
biphosphate of, ii. 668 
blsulpho-carbonate of, ii. 906 
bitartrate of, ii. 675 
black oxide of, srlts of, iL 659 
bolctate of, ii. 676 
borate of, ii. 069 
bromMe of, ii. 845 
butyrate of, ii. (»77 
camph orate of, ii. 676 
carbazotato of, ii. 678 
chlorate of, ii, 664 
chloride of, ii. 822 
chloro-hvdrargyrate of, ii. 831 
cdiloro-pfatinate of, ii. 837 
cholesterate of, ii. 677 
chromate of, ii. 671 


citrate of, H. 675 

cyanate of, ij. 874 

cvariodide or, ii. 870 

diacetate of, ii. 

dibromldeof,ib« 

dimucate of, H. Ifni 

diselenlte^, IL 670 

disul^ate oiL ii. G6I 

ferro-cynot^Ude, ti. 897 

ferfb^ulpkete of, ii. 709 

jfbrxo-sulpiidte of niidcel and, ii. 770 

Ouor^de IL 8^ 

fluo-bomte ii. 860 

fluo-sUleate 863 

fluo-titamate of, li. 866 

formate o^ ii 674 

Eliminate oL ii. 888 

ftingate of. 

green suipbate of, IL 660 
gallate o|^ IL 676 
how sue*' ‘ 


gallate olS IL 

Tiydrocarbo-saipnate of, il. 678 


Copper, bydro-sulnho-cyanate of, ii. 888 

hydrouB-dlcarbonate of, IL 605 j 
hydrous-sesquicafbonate, ii. 666 
trisphosphate ofi li. 667 
hyponitrite of, ir 664 
hyposulphatc of, iL 662 
iocCte of, ii. (>65 ^ 
lactate of, ii. 674 
malate of, ii. 675 
ineconate of, ii. 676 
mellate of, ii. 674 
mica, ii. (i68 
mucate of; ii. 675 
molylKlate of, ii. 671 
nickel-sulphatc of, iL 770 
nitf&te of, ii. 663 
ores of, i. 58C 
origin of the name, i. 601 
t oxalate of, ii. 671 
pentanitrate of, ii. 664 
pin&te of, ii. 677 
potash.carbonate of, ii 772.,, 

' potash-disulphate of, iL 763 

potash-oxalatc of, ii. 789 
potash-sulphate of, ii. 76.3 
potash -sul phi ted suboxide of, li. 172 
potash- tartrate of, it. 79.> 
properties of, i. 5» 
pyromucate of, ii. 676 
pyrotartrate of, ii. 675 
pyrurato of, ii. 678 
sel#*nUe of, ii. 670 
silica^d, ii. 669 ^ 

silvata«^f, ii. 678 , 

sinapate o^, ii. 679 
soda. carbonate of, ii. 7ti ) 
soda-oxalate of, ii. 790 
s%la.tartrate of, ii. 800 
suberate of, ii. 677 
subfluoride of, ii. 857 
subformate of, ii. (>74 
suboxidc acetated of, il. 680. 
suboxide of, hyposulphited, ii. 680 
nitrated, ii. 68u 
pinated, ii. 681 
salts of, IL 679 
selenited, ii. 680 
silvated, ii. 681 
bulphated, ii. 679 
Bulphited, ii. 679 
vinated, ii. 680 
subsesquiacotate of, ii. 673 
su^isesquiphospbate of, ii. 667 
succinate of, iL (>76 
sulphate of, it. (09 
sulpho-arseiiiutc of, ii. 918 
sulpho-arsenite of, ii. 925 
sulpho-inolyhJate of, ii. 93.3 
sulpho-cyanodidc of, li. 8SH 
sutoho-ii’aphtbalate^of, ii. 679 
bu^hovinate of, ii. (>'H 
superraemte of, li. 669 
lartrate of, ii. (>75 4 

telluratc oi, ii. 671 
tefarto-hyposulphatc of, ii, (5(53 
tetarto-nitrate of, ii 664 
tris-acetatc of, ii. (57.3 
tris-nitratc of, ii 66.3 
tris-sulphate of, ii. 661 
, tungstate of, ii. 671 

* Yinate of. ii. 675 

Copperas, ii. 5(57 

blue, ii. 660 
Cork,iL 117 

Corrosive sublimate of mercury, i. 616— An 
acid, ii. 195 
Crameric acid, IL 107 
Cream of tartar, ii. 432 
Croconic acid, li, 97 
Crotonic acid, ii. 140 r 

Crystals, two kinds of, formed by roost bodies, 
L 16 


Culm, I. 152 ^ 

Cqneliation, 1. 563 ^ 

Cyanie acid, ii. 225, 227 
CyanofUdes, ii. 867 
Cyanogen, i. 209 ; IL 215 

acid salts, it. 897 
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Cyanogen acids, ii. 208 
Cyai^us acid, ii. 225 
Cyarairates, ii. 6f75. 
Cyanuric acid, ii. 875 ^ 


Davy, Sir H., electro-chemical theory by, i. 30 
l>ecoxnT>osition explained, i. 30 
tables of, i. 47 
Dclphinic acid, ii. 130 

De^oxidc of hydrogen, i. 10-1 — properties of, 
•l 05— -compositions of, 105— action of lK>dios 
on, lOH. — Why dccomposcKl by acids and 
metals « i. *13. ^ 

I>cutoxide of molybdcnunv i. 353 

Diamond^ L 15fi — conmosiuon of, 158. 

ik>ichIoride of lead, i. 564 

Digestive salt of Sylvius, ii. 480 ^ 

Dioptase ii. (560 

Diphosphuret of iron, i. 501 

Disu1phur^;^f copper, i. 506 

• cyanogen, ii. 247 

iron, i. 505 
lead, i. 566 
mercury, i. 621 
nickel, I. 534 
Diuretic salt, ii. 430 
Doui151e 

salts, i. 46 

Draco mitigatus, I. 616 
Drying oils, ii. 34‘^ 


C 


Karthy bases, i. 

Klaino, ii. 355 
hUJagic acid, ii. 104 • 

I'Jiectricity in atoms, not fixed as to q’.iAitity, 
i. :i8 

I’rythric acid, ii, 167 
Kssential salt of wine, ii. 430 
Kthal, ii. 332 
TJtlicr, ii. 29.5 

sulphuric, ii. 295 
Ktht rification, ii. 306 
itlthiops mineral, i. 621 
per sc, i. 613 

Kv;;i>r-> atu>o has a limit, i. 1 
i. (»5 

Kudit>metr>, i. 122 

K 

Fat oils, ii, 350 

Ferro- cy an odides, ii. 890 

P'erro-prus.siate of potash, ii. 249 

Hbric acid, ii. 58 

Finery cinder, i. 48b 

Fire damp, i. 187 M 

Fixed oils, ii. 346 m 

Flake whi)|:e, i. Cil)6 ( 

Flowers of benwin, ii. 93 
sulphur, i. 2ra 
tin, i. 573 
rinc, i. 547 
Fluates, ii. Br>l 
Fluo-borates, ii. 858 
Fluo-boric acid, i. 217 
Fluo-chroniate.s ii. 86^1' 

Fluo-chromi.. acid, ii. 204 
Fliio-columbatcs, ii. 864 
Fluo-columbic atid, ii. 205 
FUio-molybdates, ii. 8(>4 
Fluo-molybdic acid, ii. 200 
Fluor spar. i. 86 

fluoric acid, i, 87, atom of, i, 88 
Fluoride of antimony, i. 324 
arsenic, i. 309 
chromium, L 34K) 
phosphorus, i. 250 
Fluorides^ ii.-851 

Fluorine, i. 86, 89— atom i. 91 

acids, ii. 197 
acid salts, ii. 8.51 
Fluo-silicates, 11. 860 
Fluo-silicic acid* i* 229; ii. 198 
.^l^titanfates. ii. 865 
xNfiiO-titanic arad, Iw 207 


Fluortungstates, ii. 864 
Fluo-tungstic acid, iL 202 
Formic acid, ii. 58 
Formic ether, ii. .330 
Fulminates, ii. 876 
Fulminating powder, ii. 410 
Fulrainic acid, ii. 229 a 
Fuming liquor of Boyle, ii.^K)2 
Fun^pc acid, ii. 82 


Oadoliaite, i. 461 
Gahnite, i. .547 
Galena, i. 566 
Gallte acid, ii. 99 
Gas flolder, i. 54 
Gin, ii. 264 ^ ^ 

C^ss, ii, ^3 M 

of intKdbny, i. 318 
solublF, ii. 423 ^ 

Olucina, i. 457, 458 

acetate of, ii. 550 
ammonia carbonate of, ii. 776 
arseniate of, ii. 549 
benzoate af, ii» 550 j 

binar6oniat|aof, ii. 549 
biu^osphatc 8f, ii. 549 
«»bromide of, ii. 814 8 

bisulphate of, in 548 
carbonate of, ii, 549 
chromate of, ii. 550 
citrate of, ii. 550 
fiuo-silicatc of, ii. 862 
muriate of, i^ 816 • 

anitrate of, ii. 549 
oxalate of, ii. 550 
phosphate of, ii. 549 
salts of, ii. 547 
sclcmite of, ii. i>50 
silicate of, ii. 550 
subscs<]ui8ulphate of, ii. 548 
sucednate of, ii. 550 
.<(u]phato of, ii. 548 
sulpho-chroraate of, iL 602 
tartrate of, ii. 550 
Olucinum, i. 457, 458 

chloride of, ii. 816 
chloro-hydrargyrate of, ii. 830 
( ferro-cyanodide of, ii. 894 

lluoride of, ii. 855 
iodide of, ii. 849 
sulpho. arseniate of, IL 916 
sulpho-arscnite of, ii*. 923 
su1pho.molybdate of, i4i 932 
Goitre, cure for, i. 78 
Gold, i. 639 
• acetate of, ii. 715 
arseniate of, ii. 71.5 
benzoate of, ii. 7 15 
bisulpho-carbonate, ii. 909 
bromide of, ii. 846 
coin, i. 653 
cyanodide of, ii. 872 
ferro-cyanodide of,'ii. 898 
fulminate of, iL 8^ ^ 
great ductility of, i. 7* 
iodate of, ii. 715 
molybdate of, iL 715 
nitrates of, ii. 715 
• peroxide of, salts of, iL, 714 
pinate of, ii. 716 
sulphate of, ii. 715 
sulpho-arsenlatc ol^ iL 919 
sulpho-arsenite ii. 926 
sulpbo-molybdata of, ii. 934 
sulpbo-cyanodide ii. 889 
Graphite, L 156 
Greek fire, iL 871 
Green oxide of chromium, i. 337 
vitriol, a. 567 
Gunpowder, iL 410 


Heat, whV'Oomblnatlons are 
Heavy infiinbciniable air, i. 187 
HedenbfO^ite, ii. 573 
Hexacarburet of hydrogen, i. 204 
Hircic acid, 1^137 

B ' 


by. 


Lite 
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Hircine, ii. 360 
Honey-stone. U. 09* 

Horn Vd> i. 564 
fijver, i. 631 
Hydrar^rum, i. Oil 
Hydrated lime, i 437 

peroxide^ iron, i. 490 
« peroxide of tin, 1. 574 
Hydrate of potash, L 401 
thifi-lna, S. 477 
alumina, i. 454 
Hydret of arsenic, L 31 1 
bismuth, i. 608 
* potassium, i. 404 
Hydrlodates, iL 847 

Hydriodic acid, I. 110; ii. 196 < 

ether, ii.315 

Hydro.bisu1pho.cyanic acic^- ii. 2| 0 
Hydro-bromic acid, ii. 195; i. ^J^S-^prapert»js 

ether,«U. 814 

Hydro-carbousulphuric acid, ii. 169 
Hydro-carburet of bromine, 1. 182 
chlorine, i. 193 
iodine, i. 180 

Hydro-1 arbure^s, i. 187 v ^ 

Hydro-chloric acid, i. 187 

Hydro-cyanates, ii. 807 t 

Hydro-cyafiic 4.jid, ii. ,219 — a poison, ooo '« 
/ Antidote to, ii. 2^ 

Hydro-fcrro-cyanic acid, ii. 249, 253 
Hydro-duates, ii. 851 
Hydro-fluoric acid, i. Ill— li. 197 
Hydro. fluo.^licic«Acid, ii. 199 
Hydrogen, i. 9.3— 5iow prQc:ured, i. 94— properties 
of, i. 9.5 — specifle gravity of, i. 95 ‘ 
arsenietted, i. 309 
boretted, i. 220 
selenietted, 1. 293 
silicet of, i. 229 
deutoxidc of, i. 104 
Hydro-phosphuret of sulphur, i. 285 
Hydro-siderum, i. 502 
Hydro-suipho-cyauates, ii. 886 
Hydro-sulpho-cyanic acid, ii. 241 
Hydro-sulphuretted hydro-sulpho-cyanic acid, 
ii. 245 

Hydro-sulphuric acid, i. 27.3 
Hydro-sulphurous acid, i, 270 
Hypcrsulpno-molybdates, ii. 934 
•Hyponitrites, i. 127, 128 
Hyponitrous acid, i. 127— ii, 1 1 
Hypophusphoric acid, L 242 
Hypophosphorous acid, i. 240 — ii. 28 
Hyposulpho-arsenites, ii. 927 
Hyposulphuric acid, i. 209 — ii. 42 
Hyposulphurous acid, i. 267 — ii. 41 

I 


J4i*gon, i. 469 
Ice, crystals of, i. 103 
^lly, ii, 120 
Jet, i. 153 
Igasuric acid, ii. 82 
Indigotic acid, ii. 

Ink, Printers’, ii. 3b0 
lode, i. 78 
Iodic acid, i. 82 
Iodide of azote, i. 137 

arsenic* i. 308 
bismuth, i. 608 

S dmium, i. 556 
anogen, ii. 239 
icinuih, i. 459 
gold, i. 6^ 

'' iron, 1. 488 * 
iekd*i. 565 
nickel, L tiSS 
fHatlnum, i. 664 
potassium, i. 404 
silver, i. flSS 
sulphur, 1. 278> 
tin, i. 577. 
gt ncr 1- 548 


carbon, i. 182, 164 
of copper, i. 594 
of mercury, i. 620 


loflides, of molybdenum, i. 356 

of phosj)horus, t. 249 ^ 

Iodine, i. 70— action of starch on, i. 7D-^tomic 
weigh^f, i. 81 
Iodine acids, ii. 196 

salts, ii. 847 
Iodine, acids of, ii. 5 

hydro-carburet of, i. 186 
lodo-hj^drargyratcs, ii. 851 
lodo-plumbates, ii. 850 
lodo-scsqui sulphide of antimony, i. 
lodo-stannates, ii. 850 
lodous acid, i. 83 
Iridium, i. 085 

prcitoxide of, salts of, it 721 ' 

Iron, i. 479 — extent its manufacture, i. 

^ how smelled, i. 481 ^ 

properties of, i. 485 
a^'tate of, ii. 575 

ammsDia-carbonated peroxide, ii. 779 
ammonia-oxalatc of, ii. 780 
« ammonia-phosphate of, ii. 

d^rnionia-phosphated peroxide, ii. 782 
ammonia-scsqulsulpbatcd peroxide of, ii. 
753 

ammonia-sulphated peroxide of, ii. 752 
ammonia-vinated peroxide of, ii. 801 
, and zinc, ammonia-sulphate of, Ii. 75(1 
antimoniate of, ii. 574 » 

arseniato of, ii. .572 
benzoate of, ii. 577 
biselliiiiri of, ii. 574 ^ 

bisulphal^; cif, ii. .5t>8 ^ 

bisulpho-carbonate of, ii.b '• 7 
bolq^ate of, ii. ,577 tj 

borate of, ii. .57.3 
bromide of, ii. 814 
^^arbonate of, ii. 570 
chlorate of, ii. .570 
chloride of, ii. 817 
chloro-bydrargyratc of, ii. 830. 
chloro-piati»iate of, li. R36 
chromate of, ii. 574 
citrate of, ii. 576 
colurnbate of, ii. 575 
ej'^anate of, ii. 873 
eyanoditic of, ii. 869 
dccompo.ses steam, and vice versa^ i. 47 
•fluoride of, ii. 855 
fluo-silieatc of, ii. 802 
fluo- titan iated peroxide of, ii. 86fi 
formate of, ii. 576 
fulminate of, ii. 879 
gallatc of, ii. 577 
bydro-sulpho-cyanate of, ii. 887 
hyposulphite of, ii. 509 
iodo-hydrargyrate of, ii. 851 
lactate of, ii. .576 
malate of, ii. 577 
mutate of, ii. 577 
ijitrato^f, ii. 5(>9 
oxalate \if, ii. 575 ,* ’ 

peroxide of, acetated, ii. 583 

antimon iated, ii. 582 
arseniated, ii. .580 
benzoated, ii, .581- 
biselenited, ii. .582 
bisilicated, ii. 581 
bisuccinated, ii. 564 
boletatt'd, ii. 585 
borated, ii. 581 
camTihorated, ii. .585 
citrated, ii. .584 
dichromated, ii. 582 
diphosphated, ii. 580 
formated, ii. .583 
gallated, ii. 585 
lactatod, ii. 58.3 
4'ialnted, ii. 584 
mcconated,, ii. 585 
mellated, it 583 
moIybUated, ii. 5a3‘ 
^jtakinitrated, ii. .579 
oxalated, ii. 583 
pentachromated, ii. 582 
phosphated, ii. 579 
pinated, !!. 585 
potash. carbODatcfL ii. 
pyromiicated, ii. 5154 ■ 



INDEX. 


731 


Iron, peroxide of, py rotartrated, ii. 583 
‘ f^rurated, ii. 686 
ftaltmf, ii. 578 • 

eesquarseniated, ii. 580 
Bcsquinitratcd, ii. 578 
scgtiui8ul))hatcd, ii. 578 
silvated, ii. 68.5 
subarsoiiiatcd^ ii. 581 
suh-bonzoated, ii. 585 
fiuberatcd, ii. .58.5 
subsflenitod, ii. 582 
senquisclcnited, ii. 581 
Aubsuccinated, ii. 581- 
succinated, ii. 58i* 
BulphQ-nlblybdate ii. 93*2 
tartrated, ii. 583 • 

tetrasulpha^i, ii. 57Ba 
viiiated, ii. 583 
phosphate of, i. 571 
pin.'ite o^ii, 577 

potash Ablate of, ii. 7S8 ^ 

potash.sesquisulpbated peroxide of,^ir 760 
potash-sulphate of, ii. 760 
potasb.su1phated peroxide of, ii. 760 
potash.tartratc of, ii, 794 
I»otash- tart rated peroxide of, ii. 795 
protoxide of, salts of, ii. 565 
pyrorilacate of, ii. 577 
selenite of, ii. 574 
' sesquibroniidc of, ii. 844 
sesquichloridej^, ii. 817 
sesquifluoridfjbf, ii. 856 
silicate of, ii *^3 
silvatc of, ii. ‘(T? 
stone, ii. .570 
siibcratc of, ii. .577 
subsidphite of, ii. .568 
succinate of, ii. 577 
sulphate of, ii, 566 
sulphite of, ii. 5 Cj 8 
sulpho.arscniate of, ii. 917 
sulpho.arsenlte of, ii. 92.3 
sulpho-naphthalate of, ii. 578 
8ulpbo.vinate of, ii, 577 
tartrate of, ii. 576 
titaiiiate of, li. 574 

vinate of, ii. 576 ^ 

Isomorphism explained, i. 18 

owing to identity of volume, i. 23 
lsomori>hous bodies, list of, 1. 20 


Kali, i. 391 
Keesh, i. 524 
KermesiVnineral, i. 326 
Kiescltnalachite, ii. 670 
KilStenny coal, i. 152, 154 
Kinic acid, ii. 108 
Kupfernickel, i. 526 


Lchite, ii. 670 

:oal, i. 152, 15^ii. 374 

, ii. 108 M 

cel, j. 526 


Eaccic acid, ii. 8^1 
L<amp of Davy, i. 189 
Eamptc acid, ii. 5i 
Eana phiU>sophica, i. 547 
Eskpis infernalis, ii. 703 

i. 557— properties of, i. 5.514— a very small i 
‘ ' ^ portion made visible, L 7 

acetate of, ii. 640 
alien toate of, ii. 651 
ammonia-nialate of, ii. 801 
antimoniate of, ii. 637 
antimonite, ii. 637 
arseniate, ii. 635 
arseiiite, ii. 636 
benzoate of, ii. 64>7 
biiactate of, ii. 644 
binarsenite of, ii. 636 
biphowhate of, ii. 635 
bisulpno-carbonatc, ii. 90& 
bitungstate of, ii. 639 * 

boletatc of, ii. 648 
borate of, ii: 636 
butyrate of, ii, 649 
cqmphorate of^U. 648 
<aiUrbonate of, ii: 633 
, chlorate of, ii. 632 
chloride of, ii, 820 


Eead, cholesteratc of, ii. 649 
chromate of, ii. 637 
citrate of, ii. 645 
cyanate of, ii. 874 
cyanodide of, ii. 870 - 
decahyposulphate of, ii.%29 
diacetate of, ii. ai2 
diebroxnate of, ii. 638 
edihyponitritc of, ii. (i31 
dihyposulphate of, ii. 628 
dir^trate of, ii. 6.30 
disulphatc of, ii. 627 
ferro-cyanodide of, ii. 897 
fluo-borate of, ii. ^0 
flCioride of, iL 856 
fluo.silicate of, ii. 863 
6uo>titani^c of^i. 866 
formal# o|K *i. 644 
fulminate l>f, ii. 882 
fungatc of, ii. 646 

g allate of, ii. 647 
cxacetatc of, ii. 643 
hexanitrate of, ii. 6.30 
hyponitrate of, i^. 6J1J 
hyposulphate of, iL c>28 
hyposulphite of, iR£»27 
indigqtaieb of, ii. 650 
‘■WnKilfof, ii. 648 • 

lactate of, ii. e>4;l 
malate of, ii. 616 
margarate of, ii. 6-19 
meconate of, ii. 64S 
mellate of, ii. 644 * 

nfblyb^ate of, ii. 6^1^? 
mucatc of, ii. 616 
nitrate of, ii, 629 
nitro-phosphate oE it. 803 
riitro.saccharate ii. 651 
f^xalate of, ii. 639 
phocenate oE ii. 649 
phosphate of, ii. 63^ 
phosphite of, ii. 685 
pinate of, ii. 649 
potash. oxalate of, ii. 789 
potasb.tartrate of, if. 795 
pyrocitrate of, iL 645 
pyromucate oE ii. 646 
, pyrotartrate of, ii. 645 
pyr urate of, ii. 651 
salts of, ii. 626 
selenite of, ii. 637 « 

'^sesquiphosphate of, ii, 034 
silicate of, ii, 637 
sinapate of, ii. 651 
stearate of, ii. 64S 
euberate, iL 618 
subkinate of, ii. 648 
sublactate of, ii . 644 
s^margarate of, ii. 649 
emboleate of, iL 619 
'%ubsesqu arseniate of, ii. f>36 
subsesquiphosphate of, iL 635 
, substearate o^ ii. 648 
succinate of, ii. 646 
sulphate of, ii. 626 
sulphite of, li. 627 
sulpho-arseniate of,, ii. 918 
sulpho-arsenlte of^ li. 924 . 
sulpko^xnolybdate of, iL 933 
Bulpho-cyanodide o^ ii. 888 
sulpho-naphthalate of, IL 6,51 
sulpho-vinate oE ii. 651 
tartrate of, ii. 645 
tellurate oE U. 637 
tetrahyxmnitffte of, iL 
trisacetate of, it 642 
trisbensoate of," H. 647 t 
trisbutyrate oE ii. 649 
trisgallate of, 646 
trisnitrate of, 630 
trisphocenate of, ii 649 
trissuccinate of, ii. 647 
tungstate of, ii. 638 
vegetosuipbate of, xL 651 
vinate oE iL 645 
uraniat^of, ii. 630 


zinc.malate oE ii. 802 
ry*s explanatiA of ch 


Eemery*s explanatii 
i. 30 


chemical phenq 


f': 
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liCucine, li. IGl 

Ltiba^us. fuming liquor of» i. 574, 

436 

acetate of, ii. 517 
ammonia-carbonate of, ii. 776 • 
amxnonia-rglUate of, ii. 801 
ammonia-tartrate of, il. 792 
anhyc^ous-sulphate' of, ii. 507 
antimoniate of, ii. 516 
antimonite of, ii. 516 
arseniate of, IL 515 
aspartate of, ii. 525 
barytes-butyrate of, 802 
benzoate oi^ ii. 521 
bicarbOQate of, ii. 512 
bin acetate of, ii. 516 
binarseniate of, ii.^'dld 
l^hosphate of, ii. 513 r y 
biselenite o^ii. 515 / 

boletate of, n. 522 
liorate of, u. 515 
burning of. i. 484, 436 
butyrate of, ii. 524 
. camnhorate of il. 522 
caproate of, ii. 524 
carbonate of, ii.Tll 
c^^olqi'.terate of, ii. 524 
chlomte of, it. 510 
chloride of, i. 61 
chromate of, ii. 516 
citrate of, ii. 520 
columbate of, ii. 510 
crf^onr'e of, ii. 617 
cyanate of, ii. 673 
dimalate of, ii. 521 
fluo-borate of, iL 659 
fiuo-columbate oi^ ii. 665 
fluo-sUicate of, U, 661 
fluo.titaniate of, l|u':606 
formate of, ii. 5|6 
Aalminate of, ii. 87S 
fun gate of, ii. 521 
gallate of, ii. 522 
hydrated-sulphate of, ii. 505 
hydro-carbo-sulphate of, ii. 525 
hypophosphite of, ii. 514 
hyposulphate of, ii. 508 
hyposulphite of, li. 508 
iodate of^ ii. .510 
kinate of, ii. 522 
lactate of ii 518 
raalate of ii 520 
mgnganate of, ii. 517 
margarate of, ii. 52:1 
meconate of, ii. 522 
meUate of, ii 518 
molybdate of, ii. 516 
mucatc of, ii 521 
muriate of, ii. 813 
nitirate of, ii. 509 
ol6ate of, ii. 524 
oxalate of, ii 517 
phocenate of, ii. 524 
phosphate of, ii. 512 
phosphSe of, ii. 514 
pluate of, ii. 524 
potMh-malate of It. *801 
potaAh.silicate of li 784 
pota^-tartratebf ii 794 
pyrodtrate.of ii 320 
pyromalate of ii 521^ 
pyromucate of ii. 621 
pyrotartrate of, ii. 519 
pyrurate of il. 525 
quaterpbsii^ate, ii. 513 
salts of ii. Sc^ 
syenite of U. 515 
sesqutohosphate of, ii 513 
siuSate of ii 515 
silvate of -ii. 624 
sinapate of, 526 
sodajziidate of, ii. 802 
8oda.4ndphate of, ii. 765 
inC^a-tartrate of ii. 800 . ^ 
stearate of, ii. 523 \ 

suberate of, ii, 523 . 
subsesqui-arscfliiate of, li 515 
• subsesquUphosphatcietf, ii. 514 
Vuccinate of ii 521 


L.ime, sulphite of ii 507 

sulpho naphthalate of ii 586 
sulpbo-vinatc of/ii 
tartrate of ii. 5l9 
tellurate of ii 516 
tungstate of ii. 516 
vinate of ii 519 
uraniatc of, ii. 516 
urate, ii. 525 
water, i. 437 
lanzenera, ii. 668 
I^iquor silicum, ii. 423 
. litharge, i 561 
LitJtua, ilt419 

acetate off ii 473 
ammonia^ulphate of ii. 7.51 
benzoate of, ii. 47.3 
biboratb of ii. 473 
bicarbonate of ii. 4712 
biphosphate of ii. 472- 
• bisulphate of il. 471 * 

borate of ii. 472 
carbonate of ii. 472 
chromate of ii. 373 
fluo-borate of ii.^59 
fluo-silicate of ii. 861 
gallate of ii. 473 
malate of il. 473 
mucate of ii. 473 
nitrate of ii. 471 
oxalate of ii. 472 ' 
phq-'phate of ii. 45 * 
potash, tartrate of) \ 793 
salts of ii. 470 L 
selenite of ii. 473 ^ 
80 da.sulphace of ii. 765 
soda-tartrate of ii. 800 
sulphate of ii. 471 
tartrate of ii. 473 
lathic acid, ii. 1.56 
Xtithium, L 416, 420 

bisulpho-carbonate of ii. iX)6 
chloride of, ii. 812 
chloro-hydrargyrate of, ii. 827 
duoride of ii. 853 
sulplio-arseniate of, ii. 914 
sulpho-arsenite of ii. 922 
sulpho-hydrate of, ii. 903 
8ulpho>xnolybdate of ii. 931 
latrum, i. 412 
O veil of antimony, L 318 
Lixiiaa, i. 391 
Lunar caustic, ii. 703 

M 


Magistery of bismuth, 4i. 600 
MagAesia, i. 448 — detected, i. 449 
41 . acetate of, ii, .. 36 
^ alba, i. 446 I 

ammoiiia-carbohate of ii. 776 
ammonia-nitrate of ii. 773 
ammonia.oxalate of ii. 786 
ammonia-phosphate of ii. 781 
ammonia-pho^hite of ii. 783 
ammonia-sulphate of ii. 751 
ammonia-sulphite of iL 771 
axseniate of li. 533 
" aspartate of b. S99 
'^benzoate of li. 538 
biborate of ii. 533 
bicarbonate of ii 532 
bimeoonate of il. 538 
binarseniate of, ii. 533 
binoxalate of ii 536 
biscOenite of ii. 534 
tdtaifwrate of il. 537 
camphorate of, ii 538 
calcarao-caibrHmte of ii 780 
calcareo-nttrate of li 776 
carlfiuEotate of ii 589 
carbonate of u. 580 
chlorate of ii. &30 
chromate of ii 535 
cholesterate oiL ii 538 
citrate of, ii 5W 
diphosphate of U. 532 
fluo.borate of, ii. 859 
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fluo-columbato of, ii. 805 
f[uo>Bilicate of, U. 862 
fluo-titaniateipf, iL 866 
formate of, ii. 5^ 
fulminate of, U. 878 
fungate of, ii. r>37 

g allate of, ii. 588 
yposulphate of, ii. 5S?9 
hyposulphite of, ii. 529 
kinate of, ii. 588 
lactate of, ii. 536 
malate of, ii. 5?i7 
mucate of, ii. 537 
molybdate of, ti. 53.7 
nitrate of, ii. 529 • 
nitro-saccharate of, ii. 
oleatc of, ii. 5.*i8 
oxalate of, ii, 535 • 

phosphate ot; ii. 532 
phosphite of, ii. 530 
PM^e of, ii. 539 
potash-carbonate of, ii. 778 
pctash-chromatc of, ii. 785 
potash-sulphate of, ii.756 
potash.tartratc of, ii. 791 
salts of; ii. 526 
selenite of, ii. 534 
silicate of, it 534 
ftilvate of, ii. 539 • 
soda-sulpliate of, il. 765 
subcarbor^e of, ii. 531 
suberate^^ ii. 538 
succinat J of, ii. 5‘17 
sulphatfAf, ii. 527 
sulphiteW, ii. .528 
tartrate of, ii. ,537 
tungstate of, ii. 535 
vinatc of, ii. .5.37 . 
urate of, ii. .531) 

Magnesium* i- 446, 447 

ammonia-sulpho-arscniatc of, iL 920 
bisulpho-carbonatc of, ii. 907 
bromide of, ii, 814 
chloride of, ii. 814 
chloro-hydrargyratc of, ii. 829 
chloro-palladiate of, ii. 838 
chloro-platinate of, ii. 836 
cyanodide of, ii. 868 
ferro-cyanodidc of, ii. 894 
fluoride (jf, ii. 855 
iodide of, ii. 849 
sulpho-arscniatc of, ii. 916 
sulpho-arsciiite of, ii. 923 
sulpho-cyanodide of, ii. 887 
sulpho-hydrate of, ii. 905 
sulpho-molybdatc of, it. 932 
tcrchloro-aurate of, ii. 83:1 
terchloro-hydrargyrate of, ii. 829 
Magnetic ore of iron 480 • 

properticjJBi iron, i. 506 ^ 

Malic acid, ik 76 i * 

ether, h. 331 

Maltha, ii. 369 . 

Malachite, ii. 665 

Manganese, i. 519— ores of, 612— how obtained, 
512— properties of, 514 
acetate of, it. 51)2 


amixuonia^^lphated sesqwioxijjg 

ammbnlMulphate of, iL .753 
antimdniate of, iL SOt 
antimonlte oi; 11.^.592 
arseniate of, il. 590 
benaoateof, iiit594’ 
tihnalate of, IL 
hlnarsenlate of, 11*591' 
biselenite of, ii. dSli 
bisulpho.carboiiate IL 909 
boi^of, il. m 
iKToSlde of, ii. 845 . 

vcamphorate of, H. 595 
earbonate of, ii. 
chloride iL 8I9< . 

Chlon>aEiiiia^ IL' 899 

ei; it 830 

nrpalliMlifite of, a 838 
" ' of, il. 

of^a. 592 


Manganese, citrate of, ii. 593 

cyanodide of, ii. 869 
«dlftUicate of, U. 591 
ferro-phospbate of, ii. 789 
fluoride of, ii. 856 
fluo.ailicate of, 11^802 
formate of, ii. 593 
fulminate of, ii. 879 
fUngate of, ii. 594 ^ 

hyposulphate of, ii. 588 
hyprtsulphite of, ii. 588 
lactate of, ii. 593 
malate of, ii. 593 
molybdate of, it 592 
nitrate of, U. 588 
oxalate of, iL 592 
phoaphatg of, ii. 590 
of, ii. 598 

n^&sh-sesquisulpbated sasquioxide 
of, ii. 761 • 

potash-sulphate of, ii. 761 ' 
potash.tartratc of, ii. 7^ 
protoxide of, salts of, ii. 586 
selenite of, ii. 591 
sesqui.osAde^alts of, a 595 • 
m carbonated, ii. 596 
•citrated, it 6^ 
imiriatedJKi. el 8 
nitrated, ii. 596 
oxalated, ii. 596 
sulphatcd, ii. 595 . 
tartrated, ii. 596 
silicate of, ii. 591 
silvate of, ii.«59B 
•suberate of, ii. 595 
subsesqui-sulphate of, ii. 587 
succinate of, ii. 594 
sulphate of, ii. 586 
sulphite of, ii. 588 
sulpho-arsenlate of, Ii. 917 
sulpho-ars^oilte of, IL 924 
sulpho-cyanodide ii. 888 
sulpho-molybdate of, IL 933 
8ulpho.naphthalate of, ii. 595 
tartrate of, ii. 593 
tellumte of, ii. 592 
tungstate of, ii. 592 
vinate of, ii. 593 
Mffhganesic acid^ i. 518 
Manna metalldrum, i. 618 
Margaric acid, ii. 125 
Mr^rgarous acid, ii. 123 
Marine acid, ii. 187 
Massicot, L 562 
Matches, ii. 414 
Matter composed of atoms, i. 3 
Meconic acid, iL 111 
Mellite, ii. 62 
Mellitic acid.^i. 62 
MenJIhine, L 377 
MffKuriuB calomelanlus, L 618 
dulcis, i. 618 

MCTcury, i. 611— test of- 613 
acetate of, it 698 
ammonia-nitrate of, j|. 775 
ammonia.sulphate of ^ iL 755 
ammonia trisnltrate of, ii. 776 
antimoqiate'of, ii^ 688 
^ arsenlgte of, it 607 
* benn^e of, ii. 699 
taiM^lenlte of, ii. 697 
bisulphate of, ii. 695 ^ 

blsulpho-carbonate of, U. 909 ^ 
caihuxotate of, it 693 
cbfcsri^e of, iL 607 
chromate ot^ it '698 
cyangte of, U. ;874 
oygncidide of, ii. 870 
of, a 883 

dinllrxte of, ii 995} 
dlsvdphate ot, IL f’ 
disulphOpcyanodU . 
ferro.cyimodi.de 1#^ 1 
fluoride of, ii, 867 \ 
fluo-sllicate of, li. 86! 

Ailminate of, ii. 883 
malate of, ii. 699 
incconfllc of, ii. 699 



784 


INDEX, 


Mercury, mcllate of. ii. 090 
oxalate of, ii. 698 
oxide of, salts of, ii. 694^ 
phosphate of» ii. 097 
pinate of, ii 609 
potash .oacilate of^ il.' 789 
potash.tlrtrate of, ii, 796 
pyro-tartrate of, ii. 699 
pyf arate of, ii. 700 
selenite of, ii. 697 
silvate of, ii. 699 
subcarbonate, ii. 697 
subcyanodtde of, ii 871 
suboxide of, acetated, ii. 691 

atveiiiated, ii 690 , 
bensoated, ii. 693 
boi^ted,ii. 690 
camphorVecL ii. 693 * 
chlorat^T ii*t^ 
chromaten, ii. 691 
citrated, ii 692 
dinitrated, ii. 689 
formated, ii. 692 
hyponitrated, ii. 689 
W)di(^otated, ii. 693 
looted, ii. 689 
Iterated, 

raalated, ii. 691^ ♦ 
mellated, ii. 6i)2 
nitrated, ii. 688 
molybdated, ii. 691 
oxalated, ii. 691 , 

phosphated, ii. 690 
panated, ii 693 « 

pyro-mucatedj ii. 693 
pyro.tartrated, ii 692 
Balts of, ii. 686 
selenit^, ii. 690 
. sesqui.carboriated, ii. 689 
sUvated, ii. 69.3 
sinapated, ii. 694 
suberated, ii 693 
subsosqui-nitrated, ii. 688 
subsulphated, ii. 6^ 
succinuted, ii. 693 
sulphated, ii, 687 
Bulplio-uaphthalated, ii. 

69.3 

supersulphated, ii. 688* 
tartrated, li 692» 
tungstated, ii 691 . 
vinated, ii. 692 
succinate of, ii. 699 
sGlphate of, ii. 690 
sulpho-arseniate of, ii 918 
sulpha-arsenite of, ii 926 
sulpho-tnolybdate of, ii. 933 
sulpho-naphthalate of, ii. 700 
supernitrate of,'ii. 696 
tartrate of, ii. 099 
tcllurate of, ii. 695 
tetranitrate of, il. 096 
Metal of cannons, i 602 
Mineral caoutchouc, ii. 371 
crystals,^. 409 
tar, ii ^ 

Minerals, variety in the composition of account- 
ed for, i. 22 
Mirror metal, i .603 

Misy, ii. 567 * 

Molybdenum, i. 340-^-«night form a 6ye, i. 361 
acetate il. 741 
ammonia-carbonate of, ii. 777 
ammonia-carbonated bin oxide of, 
ii. 717 

ammonla-phosphate of, ii. 782 
ammonia^tungstate ot; ii. 765 
arseniate of, ii. 740 
borate of, ii 740 
(^(boriateef, ii. 740 
chlpride of, ii. S23 
.. chromate of, ii 740 
' ^dCttitoxide of, acetated, ii. 743 
* ■ arseniated, ii 742 

boratedy ii 742 
chromated, ii 742 
nitrated, ii. 741 
opiated, ii. 743 


Moi7i>denum, dcutoxidc of, phosphated, 741 
quater.molybdatcd, 
ii. 742 

salts of, ii. 741 
silicate^ ii. 742 
succinated, n.^743 
sulphated, ii. 7^4 
superchromated, ii. 
742 

tartrated, ii. 743 
tungstated, ii. 7 Ui 
ferrb-cyanodide of, ii. 899 ' 

nitrate of, ii. 740 
oxalate of, ii. 742 
phosphate of, ii. 740 
potash-carbonated deutoxide of, 
ii. 779 # 

pcftash-oxalate of deutoxide of, ii. 

789 

potash-tartrated deutoxide of, ii. 

796 . 

protoxide of, salts of, ii. 739 
soda-carbonated deutoxide of, ii. 
780 


Molvbdet of ^o 
Molj^ ' ic acla, i 


soda-carbonated peroxide of,ii.780 
succinate of, ii. 741 
sulphate of, ii. 740 , 

8U]pho..arseniate of, ii< 919 
sulpho-arsenite of, ii. i)27 
sulpho-cyanodide of, ii. 890 
tartrate of, 742 
iron, i. 509 
V i. 3.55 V. 

acetated, ii. 7j > 
arseniated, ii.* 745 
horated, ii. 745 
chromated, ii. 745 
nitrated, ii. 744 
oxalated, ii. 744 
phosphated, ii. 744 
potash-oxalate of, ii. 790 
salts of, ii. 744 
succinated, ii. 745 
sulphated, ii. 744 
tartrated, ii. 745 
Molybdous acid, what, i. 356 
Moroxylic acid, ii. 92 
Md^tar, i. 440 

water, i. 441 
Mosaic gold, i. 579 
Mucic acid, ii. 85 
Muriate of silver, i. 631 
Muriates, ii. 193, 809 

Muriatic acid, ii. 187; i. 107— composition of, i. 
108— properties of, i. 108, 
ether, ii. 310 
Musical tones by the combustion of hydrogen 


gas, i. 101 


nV' 


'Napbtba, it MR 
Naphthaline, i. 205 
Natrium, i. 413 
Kcutrai compounds, ii. 260 

Newton’s explanation of chemical phenomena, 
i. 30 


Nickel, i. 526— how obtained, i. 528— properties 
of, i. 530 

acetate of, ii. 601- 
amxaonia-nitrate of, li. 774 
amnlbni^oxalaito of« 4i. 787 
ammoniatP^osphate of, ii. 782 
ammbhla.iiulj;»hate of, ii. 754 
antimo«6iitb of, li. 600 
arsehiaHiibf, ii. $09 
asparti^ of, ii. 603 
bnnatoai^e o£ ii. 602 
binars5n|ate.of, li 600 
' bisulpbo^rbomiibb 
borate of, ii. 600 
carbonate of, ii. 506 
. chloHda^, ii. 819 
chloro-iHaimte Of, “ 

' ' '' .'chibrtk:bk ~ 
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chromate of,iiiL 
citrate of, ii. ^62 s/ 
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Niclc.ll, cyanotlide of, ii. 8tK) 
diarsciiiate of, ii. 60() 
clisulpliate of, ^ 5in i 

forro-cyanodide of, ii. Si>7 
, forro«§ul|ihatc of, ii. 7fi9 
duoride of, ii b5(> 

JluQ-siUuatc of, li. 862 
formate of, ii. 602 
fulminate of, li. 880 
lactate of, ii. (>02 
maj^r)esia-ph<»sphato of, ii. 783 
molybdate of, ii. 601 
nitrate of, ii. .OJ)? 
oleaie of, li. 602 
oxalate of, ii. 601 m 
plK>fl}}hate of, ii. 500 
ptnate of, ii. fi02 
potHRh-sulphate of, ii.*761 
potash. tartrate of, ii. 'iOo 
pyro-mueate of, li. 602 
, pi otoxide of, ii. 506 » 

selenite of, ii 600 
bubcarboiiate ot, ii. 508 
siibnitrate, li. .508 
Riicciiiate of, ii. 602 
sulpho-arseniato of, ii. 017 
bulpho-arsenite of, ii. 021 
b«dpho-cyanodide of, li. SSS 
i»ulpho.inol>bdate of, li. It.'!*! 
bulpho-naphchaJatc of, n. 603 
fliilpliato o^ii. 507 • * 

tartrate toTii. 602 
Nihil Album, i. m6 
Nitre, li. 407 J 

6xcd by ^arcoal, ii. 100 
Nitric acid, i. 115; ii. li — composition c»f, i. 131 
— how obtained, ii. 6 — pioperties, fi. 7^ 
Nitric ether, li. 317 
Nitrites, i. 127 — do not exist, i. 120 
Niticuloueie acid, ii. lt>4 
Nitro-saccharic acid, ii. 162 

Nitrous iu'id, i, 128, ii. J 2— compobition of, i. 120 
l^as, i. 120 

flephlogistlcalcd, i. 116 
oxide, i. 116 
vapour, i. 128 
Nitroxi of potash, i. 120 
Nitruiii hxum, ii. t(K3 
* dammans, li 581 

seiiii volatile, ii. 38 1 
Noble base.s, i. (J.'JO 
Notilhaii^i sulphuric acid, h. 20 
NutKallsrii. 00 


Ochruita, i. M'A 
Oil j'as, 1 . lot) — condensation of, 108 — nature of, 
200 ^ ♦ 
of turpcntine^^ropcrtics of, ii^ll 
Oils, dryiijff, ii. 

fat, II. 350 ^ 

6xed, 11 . 316 
Oils, solid, Ji. 351 

volatile, ii. 331r 
Olc'fiaut fjas, i. 100 
Oleie acui, ii. 127 
Oil ven ore, acicular, ii. 6<>8 
prismatic, ii. 668 
Osmium, alloys c^, i. 600 

sulphupetfl of, i. 60S 
Ores of iron, i. 480 
Orininent, i. 312 
Osuiiiim, i. 603 > v 

cfilorides of, i. 
oxides of| salts of» It 721 
Oxalic acid, ii. 172; ii. 15«»coaa|Misitioo of, L 172 
ether, ii. 322 • 

Oxalo.vinic itPld* ii 
Oxide of fa!ism^tbp i 605 
cadmiom, i. 6S^ 
sine, i. 546 % 

Oxides, what, i, 58 

of coJumbiuio, i 072 
chroi;Rium, u 333 
cobalt, 4. 638 
copper, I, 589 
ffold, 1. 64*1 


Oxides of iridium, i. 686 
iron, i. 486 
i. 5f>0 

manganese, 1. 514 
mercury, i. 613, 614 
molybdenum, i. 31aL 
nickel, i. 531 ^ 

osmium, i. 604 
palladium, i. 675 
phosphorus, i. 243 
platinum, i. 066 
• rhodium, i. 680 
snver, i. 628 
tin, i. 572 
titanium, i 979 
tungsten, i. IM>4 
uraniMin, i.^15 
Oxffdum fett-oJiferEicuin, I* 488 
OxyehlorioP cMAilphu retted oarbonpi. 286 

'Oxyehloro-carDonic acid, 1^170 

Ox>gen, L 53 — discovery of, 53— -how i>repared, 
54 — properties of, 56 

acids, ii 2 « 

with a compound base, ii. 45 
salts, ii. 37* ^ 

compound, ^7^^. 

Ox 5 'gonizedsuuriatic Aid, i. 59 
Oit.^ia^r^^eu blowpipe, i, 101 i 
Oxyniuriatic acid, i. 59 
Oxyprussic acid, ii. 234 
P 

Palladium, i. 673 

arseniate ofj, ii. 720^ 

• benzoate of, ii. 720 
citrate of, ii. 720 
cyaiiodidc of, ii. 872 
disulphatc of, ii. 719 
fulminate of, li 885 
iodate of, ii. 719 
nitrate or, ii. 719 
oxalate ot, ii. 720 
oxide of, salts of, ii. 719 
sulphate otV ll» 718 
sulpho.cyanodide of, ii. 889 
Panacea holsati'»a, ii. 403 
Panchyinagogum minerale, i. 618 
l*anchymagogus qucrcctauus, i.GlS 
IPbarl-ash, i. 391 

• white, i. 606 
Pechblciide, i. 312 
lV<*tie acid, ii. 120 
Perbromide of cyanogen, li. 23.0* 

phosphorus, 1. 248 * 

Perchloric acid, i. (>8 
Perchloride of antimony, i 323 

* cyanogen, ii. 236 

phosphorus, i. 21G 
tin. i. 575 

l’c0luoiide of manganese, i. 523 
4^griodide of phospnorus, i. 249 
Peroxide of barium, i. 428 
cerium,‘i. 4ti6 
• copper, i. 592 

lead, i. 563 % 

lime, i. 441 ^ 

potassium, i. 4Q2 
tin, i 575 

I'ercussion powder, ii. 413 
l>ersidphuret of arsenic, i. 314 

potassium* I. 409 
tin, L 579 

Petalite, i. 418 
Petroleum, ii. 366 
Pblogisticatcd alkali* ii. 211* 249 
Phocenic acid, ii. 130 
Phocenine, ii. 359 
Phosgene gas, i. 170 
Phosiihatic acid, i« 242 
Phosphoric acid, S, 237; M. 22^ 

Phosphorous acid, i. 239 ; ii. 26 
Phosphorus, i. 230— combinations of, with oxy- 
gen, i. 235-(jWdde8 of, i, 2 ^ ^ 

Fhosphuret of atuminuin, i. 456 
arsenic, i. 311 * 

antimony, i. 325 
barium, i. 428 
l^bismuth, i. 609. 
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Ph^aphuret of cadmium, i. 557 
calcium, i. 444 
cai^n, i. 256 
chromium, i. 340 
csobalt, i. Ml 
copfttr i. 504 
glucinum, i. 459 
gold, i. 646 
* lead, i. 5^>5 
manganeae, i. 524 
nif:kel, i. 533 
potasaium, i. 405 
selenium, i. 294 
silver, i. 634 
. strontium, i. 434 
aulphur, i. 283 
thorium, iM78 «• 
tin, i. 578 ^ , 

titanium, i. 386 p , 

yltrirm, i. 463 
zinc, i. 549 

PhoBphurets of iron, i. 501, 503 
mereury, i. 621 

platinum, i. 665 | 

PhospT.urette i hydro^n, i^250 ’ 

Pincnbedc, i. 600 a* 

Pinic acid ii. 145 ** 

Pitcoal, ii. STf. ' 

/ Platinum, i. 656 — how reduced, i. 658 
acetate of, ii. 718 
alumina, sulphate of, ii. 768 
ammonia, sulphate of, ii. 755 
haryjt<*e sulphated peroxide of, ii. 707 
t)isul{>ho-carlM>nate of, ii. 909 
cyanodide of, ii. 872 
duoride of, ii. 857 
fluo-silicate of, ii. 663 
fulminate of, ii. 885 
nHrate of, ii. 718 
peroxide of, arsenietted, ii. 717 
benzoated, ii. 717 
camphorated, ii. 718 
chromated, ii. 717 
iodated, iL 717 
nitrated, ii. 717 
oxaiated, ii. 717 
potash-sulphate, ii. 764 
salts of, ii. 715 
sulphated, ii. 716 * j 

potash.sulphate of, ii. 764 ‘ ' 

protoxide of, salts of^ 11. 716 
soda-nitrate of, ii. 775 . ' 

soda-subsulphated peroxide of, ii. 767 
sihlphate of, ii. 718 I 

sulpho.arseniatcof, ii. 910 
sulpho.arsenite of, it 926 i 

sulpbo-cyanodide of, ii. 889 J 

.<sulpho.molybdate oi; ii. 934 
P4umbagQ,L 154 
Plumbum coriieum, t 564 
. Fompholyx, i. 546 


Ponderous spar, i. 422 
Potash, t 391, 309 


>otash, t 391, 309 

acetate of^ it 430 
allentoat^hf, ii. 441 
ambreate of, ii. 439 
ammonia>oxalate of, it 786 
ammonuusulphate of, ii. 750 
ammonia-tartrate of, it 791 
boro-tartrate of, it 
antimoniate of, ii. 424 
^ntimonite of, ii. 424 
arseniate of, U. 421 
arsenite of, ii. 422 
aspartate of, ii. 441 
liwzoate of, it 435 
bironzoate of, it 435 
bicarbonate of. It 417 
bichromate of, ii. 426 
bimargaratejo^ it 437 
blmeliate of,*li. 431 
binacetaie of, it 431 
binambmate of, ii. 439' 
faiumeniate of, ii. 421 
Pnintro-saccharate of,. it 441 
binoleate of, ii. 438 
Jbinoxalate of, ii. 420 
^j^iy^hate of, ii. 419 4^ 


Potash, biselenite of, ii. 424 
tdsilvate of, it 439 
hestearate of, iii 436 
bisulphate of, ii. 404 
bisulphite of, ii. 406 
bitartrate of, it 432 
bivinate of, ii. 434 
boletate of, ii. 435 ' 

borate of, it 422 
boro-tartrate of, 804 
bromate of, it 415 
butyrate o^ ii. 438 
camph orate of, ii. 435 
ca^ mate of, ii. 439 
carbazotate^f, ii. 440 
carbonate of, it 416 
^ chlorate of, ii. 412 
chloro-sf&nnate of, it 824 
chr>>lestcrate of, ii. 439 
chromate of, ii. 425 
citrate of, ii. 434 
r ^.columbate of, it 427 
" croconate of, it 435 
crotonatc of, ii. 439 
cyanate of, ii. 872 
diphosphate of, it 420 
duo-borate of, ii. 859 
duo-columbate of, ii, 86>i 
fluo-titaniate of, ii. 865 
formate of, it 431 
fulminate of, it STf? 
funga^' of, ii. 434 . 

gallate of, it ; 

hircate of, ii. 439 
hydrosuiphatc of, it 441 
hyponitrate of, ii. 412 
‘tiy(K>phosi)hite of, it 421 
hyposulphate of, ii, 406 
hyposulphite of, ii. 406 
iodate of, ii. 415 
indigotaie of, ii. 440 
malate of, ii. 434 
manganate of, ii. 428 
margarate of, ii. 437 
meconate of, ii. 435 
mellate of, it 431 
molybdate of, it 427 
mucate of, ii. 434 
muriate of, it 810 
nitrate of, ii. 406 
nitro-saccliarate of, it 441 
hitro-tungstate of, ii. 803 
oJeate of, ii. 438 
oxalate of, ii. 428 
phocenatc of, it 438 
phosphate of, 419 
phosphite of, ii. 420 
piuatc of, ii. 440 
pyrocltrate of ii. 
pyromalate of, ii. 
pyroAhucate it 43^ 
pyrotartrate of, 434 
' pyrurate of, ii. 441 

quater-oxalatc of, ii. 429 
. quater-selenite of, ii. 424 


ricinate of, li. 437 
salts of, ii. 401 
seleniate of, ii. 423 
selenite of, ii. 424 
sesqiuicarbonate oL.it. 418 
sesduimwate it 404 
sUlGbte ^li. 422 
sihrated^it 439 
stearate w It 436 
sube»te^% IL 436 
snednate of, ii, 435 
sulphate of, it 403 
sulphite 405 
sulpho-chromate oft ii. 80 
Bulpho-naphthalate 
sulpho-vinate ii. 441 
tartrate of^ 4S8 
tellutete ibSi 
- ^tai^te o& li. 427 

of, ii. 804 

tungstate oft it 427 
eiiinte ^ 434 
iiraniate of, ti. 427 



INDEX, 


737 • 


Potab^, urate of, ii. 441 

Potassium, i. 391, 39^ ; preparation of, 396 ; pro- 
perties of,g^ # 

bichloro-lridiatc of, ii. 840 
bichi oro-osmiate of, ii. 841 
bichloro-platinate of, 834 
bitluoridc of, ii. 8^ ' 
bisulpho-carbonate of, ii. 906 
broino-hydrargyratc of, ii, 6i47 
chloride of, ii. 810 
chloro-aurate of, ii. 831 
chloro-hydraYgyratc of, 826 
chloro-iridiate of, ii. 8^19 
chloro-osmiatc of, ii. 841 • 
chloro-iuilladiateiof, ii. 838 
chluro-platinate of, ii. 834 * 
chluro-rhudiate of, ii. 839 
cyanodidc of, ii. 86T 
ferro-cyanodide of, ii. 891 • 
red. ii. 891 

IBiftride of, ii. 852 ■ 

iodide of, ii. 848 i 

iodo-hydrargyratc of, ii. 851 
Bodium-sulpho-arseniatc of, ii. 920 
Bulpho-arseniate of, ii. 912 
sulpho-arsenite of, ii. 922 
sulpho-cyanodidc of, ii. 886 
%ulpho.molybdate of, ii. 9!^ 
sulpho. hydrate of, ii. 902 
tercliloro-iridiate of, ii. 840 
Precipitate per se, 1^15 • * 

Prince’s metal, i. 600 
Printer’s ink, ii. 

Proof spirits, whi||? ii. 278 
l*rt>tiodide of pho^horuB, i. 219 
I^rt>tochloridc of iron, i. 492 ^ 

tin, i. .575 • ^ 

I’rotoxidc of azote, i. 116; properties of. Ho 
antimony, i. 317 
cerium, i. 4t>6 
iron, i. 487 
lead, i. 560 
manganese, 1. 514 
nickel, i. 531 
tin, i. 572 

I'russian blue, ii. 209, 894 

soluble, ii. 895 
green, ii. 81K$ 

Prussiate of potash, ii. 215, 249 
Prussiates, ii. 890 
Prussous acid, ii. 241 
PuddUng|^|^ces8, i. 484 
Purple ot^assius, i. 644 
Purpuric acid, ii. 165 
I’yro-acetic spirits, ii. 289 
l*yro-citric acid, ii. 74 
Pyro-kiiiic acid, ii. 110 
Pyro-lusite, i. 516 . 

Pyru-malic acid, 

Pyro-mucic acid, m 

Pyro-phospl?oric ajtd, i. 238 ; iL 24^^ 
Pyro-tartaric acid, ii. 70 
Pyroxylic spirit, iL 292 
Pyruric acid, ii. 158 

Q ‘ 

Quaterpersulphuret of potassium, i. 410 , 

(Juatersulphuret of potassium, L 408 
ijuintosulphuret of calcium, i. 445 . 

copf>er, L 596 

Quicklime, i. 434 
Quicksilver, i. 611 ^ 


Iladical vinegar, ii. 48 
Realgar, i. 312 
Red antimony, v 3^ 

Red lead, i. 662 

oxide of copper, I. 58D 
lead, i. 562 
manganese, L 515 
precipitate, i. 615 
Refining of irem, i. 483 
Regenerated tartar, ii. 430 
Regulus of antimony, i. 315 
Resin of copper, i. 2^ 
Hetinasphaltum, ii. 372 


nm, i. 679 

ac^te of, ii. 721 . 
«liibiate of, ii. 721 
nitrate of, ii. 721 
peroxide of, salts of, it 720 
soda-acetate of, iia^l 
soda-nitrate of, ii. ^6 
sulphate of, iL 720 


Riglaic acid, iL 137 
KoSlTsalt, ii. 811 
Rum, ii. 264 ^ 

KuperPiTmi^^, L 6(|1 


SaclacAic acid, ii. 86 

Sal alem broth, ii. 825 

Sal ammoniac, iAlSS 9 »ii. 809 

* 4 ^^hloro.hydrarg 3 rrate of, ii. 825 

^ Vjecret, li. 379 ^ 

* de duobus, li. 403 • 

polychrest glaseri, ii. 403 
Salt, arsenical neutral, of Macquer, ii. 421 . 

essential of lemons, ii. 429 
narcotic, i. 212 
sedative, L 212 ^ 
of tartar, i. 394 
wisdom,«tL 825 
aaaocl '9orrcl, ii. 429 
petre, i. 114; ii. 406 
Salts, ii. 377 

having the shape, crystallize indiscrimi- 
nately, i. 21 

IV hy more stable than tl^r c^stituents, 
^ i. 41 • 

iules,“i. 34-0 


Sapbnules/ 

Saturn, sugar of, iL 640 
Savon ules, ii. 340 
Schcele’a green, ii. 669 
Scheelium, i. 363 

Scoriae of iron, nature of, i. 483,484 
Sea salt, regenerated, ii. 8 JO 
Sea wax, iL 369 
Scbacic acid, ii. 96 
Secret foliated earth of tartar, iL 430 
Selcniet of aluminum* i. 456 
antimony^, i. 331 
arsenic, i. 315 
bismuth, i, 609 
copper, i. 597 
gluclnum, i. 460 
iron, i. 506 
lead. i. 567 
mercury, L 623 
paUadium, i. 678 
platinum, i. 668 
potassium, i. 441 
. silver, i. 635 

^ tin, L 580 

yttrium, i. 463 
# zinc, i. 551 
SAenietted hydrogen, i. 293 
Selenic acid, i. 290 ; iL 43 
S^enio-cyanogen, iL 249 
S^enious acid, i. 290, ii. 43 . ^ 

Seleniumi i. 2^ — oxide ef, : iB i p ' acids of, 290—* 
chlondes of, 291-^dlphuret of, 295 
Sesquibromide of antimony, i. 324 
of phosphorus, i. 247 
Sesquichloiide of antimony, i. 322 

* of carbo-hydrogen, ii. 294 

of carbon, i. 173— -formation of, 
173 — properties of, 114— com- 
position c^, 170 ^ 

of iron, i. 492 
of phosphorus, i. 245 
Sesqui-bydret of phosphorus, i. 256 
Sesqui-icKUde of antimony, i. 324 
carbon, i. 182 
^ phosphcirua* L 249 
Sesqui-oxide of cobalt, i. 58^ 

manganese 1. 515 
nickel, L W 
Sesqui-sulphuret of arsenic* L 312 , 
cobalt* i..54y[ ^ 
iron, i. 504 - 

tin, i. 579 ^ 

Shape of atoms, i. 15— supposed spherical* i. 15-^" 
objections lathis, i. 16 - 

Sideruin, i, 502 
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Silici, 1 222» 1i$4L 

V soda-^Ml^tiate of, li 780 
SilicOufi earth, 4* 801 
Silicel^ of hydrogen, i 229 
iron, 1 >01 

« platinuTg^i 665 

I potassium, i 405 

bilicic acid, 1 224, 225, ii 10— atomic weight of, 

1 227 » 

Silicon, i 221— chloride of, i 22S * 

sulphuret of, i 20'^ 

bilvtr, 1 627 . * 

acc tate of, ii 71 

ammonia>hyposulphitc of, ii 772 
ammonia iiitr’ite of, ii 775 c 

ammonia-sulphate of, n 755 
atnmuiiii. sulphitc^^of, ii| 772 
antiinoniatc. ot, ii 709 ^ ^ 

araf nite of, ii 708 * 1 * 

benzoate ot^^i 712 * * 

bibu phe tarbon itc of, u 90*1 
bolctate ot, u 7 1 J 
borate of, il «.708 

i amphoratc of, ii 713 I 

carbs^zotdtc ol^n 7l 1 ^ 

carbonate oi, ii Jj^^j 

c^careo hyp isiifpintc of, Mr 7"'J 

ciVralf ot, 11 71 1 ^ 

chlorate of, ii 705 

chi ornate of, ii '"0*1 

com, purity of, i 638 

cynate of, ii 87 1 

cymiodidp of, ii 871 

lorfiiatcTot, 11 721 

ferro i j anodide of ii S98 • 

duoruU c f, 11 »7 

fluo silicate of, ii 863 

fulminate of, ii 884 

fuiigite ot, 11 712 

h 5 po lutiitc of, 11 704 

hypo-sulph ite of, ii 702 

hypo sulphite ot, ii 701 

1 C date ot, it 705 

indigotate of, ii 714 

lictatc ol^ 11 710 

m date of, ii 712 

lilt ionite of, 11 7J2 

incllate of, ii 71 1 

molybdite ot, ii 709 

mucate of, ii 712 * 

nitrate of, n 702 

oxalate of, n 709 

oxide of, salts of, u 700 

pina e of, ii 713 

potash melKtc of, ii 791 

potasii oxalate ot, ii 78*1 

potash sulphite ot, ii 772 

pegash tartrate of, li 796 '* 

pyro mucate of, ii 712 

pyro phosphate of, ii 706 

pyro tartrate ot, ii 711 

scicnitc of, 11 708 

silvatc of, 11 71 I 

soda-hyposulphite of, ii 77 1 • 

strontian^^yl^ulphiU of, ii 773 
suberatc or, ii 713 
subsesqui arscniate of, ii 707 
subscsqui phos{ bate of, u 706 
succinate of, 11 712 
sulphate of, ii 700 • 

sulphite of, li '"01 
sulpho arseniate of, ii 919 
lulpho arsemte ot, ii 926 
sulpho cyanodiilc of, ii 889 
sulpho molybdate ot, ii 14 
sulpho-uaphthalate ot, ii 714 
tartrate ot, ii 711 
tollurate of, ii 709 
tungstate of, il 709 
Silvic acid, 11 149 
Similor, 1 600 

Simple body, what, l l«^number of, 2 
, Simple oxygen aci^, u 3 
* ’Mmo le substan ces, i 51 
Sina00^Kia^i I8l 

atoms, how determined, i 11 
•^Ic i p produce d by h ydrogen gas, i 97 
Smelting ^i^on, i 481 ^ 


Soda, 1 412,415 

acetate ot, li 4( 4 

align, 11 76() ( 

ammonia arseniate of, ii 79.1 

ammonia-phosphate of, n 780 , 

ammonia-sulphate c t, ii 7 >0 

and alumina, earbo tartr'ite of, n 80J)if 

anhydrous sulphate ot, ii 444 

antimoni itc of, ii 461 

antimonitc of, ii 461 

arseniate of, ii 457 

aspartate ot, ii 470 

ben/o ite of, ii 467 

bibm Ite ot, ii 459 

bicarbonate <if» ii 454 

bichromate of, ii 462 

bimargaratc ot, ii 4(>*> 

\jimecon'if4- of, ii 4fj7 
bnigrseniatc. ot, ii 4 >9 
binoh ate of, ii 169 
I inoxalate of, ii 4 ( I 
S biphosf hate of, ii 1 >7 
tSischiiitc oi, 11 161 
bistc n ite ot, ii ll S 
bisulph itc ot, 11 44 1 
bisulphite ot, 11 417 
bitartratc ot n 465 
buro tartrate ot, ii 80 > 
bromatc oi n 419 
but> rate c t ii 4( *) 
t i4 ipl orate ot, ii 
1 a) rc atjr ot, ii 46*> 
e irbazdiate ot, ii 4r9 
t irbonate ot ii 4 lO 9 
eaibo Y hosi h ite ol, ii 50 1 
ehl r itc ot, ii Ml 
c^i U sti rate ot, 11 16 i 

ehrom itc ot, ii 162 
citiateot, 11 ir6 
i^-Iumbatc of, ii 462 
common sul) hate ot, ii 412 
cyanate ot, ii 8/ i 
di lodate of, ii 4 K) 

6uo borate ot, ii 8o9 
fluo columbatc of, ii 86o 
fluo silicate ot, ii B(>1 
fluo titaniatc of, ii 86fi 
formate of, ii 4f>4 
fulminate of, ii 877 
g lU itc ot, 11 467 
hydro c irbc ««ulphatt of, 470 
hypo nitiitc ol, n 419 
h>pn phosphite ot, 11 1 >7 
h>i>o sulphate of, ii 417 
hypo null hitc ot, ii 447 
lodatc ot 11 411 
lodo hydrargyrate ut, ii Sol 
kinatp ot, 11 467 
Int late ot, 11 464 t 
mal Ite of, ii 4( 6 
znangjhiBtc ot, ii 1< I ^ 
margarate ot, ii It 8 
* mcconate ot, ii 467 

il!kell ite of, 11 ir > 
molybdate of, ii 402 
mucate of, ii 4f>6 
muri itc ol 11 hi 1 
nitrate ot, ii 448 

< octo*bydrated arseniate ot, n 4 iS 
carbonate of, ii l.>i 
phosphate of, ii 4 o 
sulphate oi, ii 4 la 
ole ate of, 11*469 
oxalate of, a 4f>3 
phoeenate of, ii 4r9 
I hos]ihate ot, ii t ^4 
fihosphite ot, 11 1 >7 
pinate of, ii ^60 
potash arseniate of, ii 7S4 
potash chromate ol, ii 794 
potash oxalate of, ii 788 
, potash pho8|0iate of, ii 782 

pot-ish-tartrate of, ii 792 
protohydrated carbonate of, ii 452 
pyromueate of, u 466 
pyrophosphate of, 11 l>b 
pyrotartrate of, ii 46b 
pyrurate of, ii 470 
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Sodc^quatcrselenitc of. ii. 461 
^ricinate of, it 469 
salts of, ii. 442 
sclcnlale of, ii. 4ml 
selenite of, ii. 461 
^esqui-carbonatc of, ii. 453 
sesqui- hydrated carbonate of, 452 
sesquUsulphatc of, ii. 446 
sexborate of, ii. 461 
silicate of, ii. 461 
silvate of, ii. 469 
sinapate of, ii. 470 
stearate of, ii. 468 
suberate of, ii. 468 
succinate of, ii. 4(57 
sulphite of, ii. 446 * 

siilpho-acetate of, ii. 80.3 
sulphri-naphthalate of, y. 470 
sulpho-viuate of, ii. 470 
tartrate of, ii. 4^> 
telliu^e of, ii. 461 
Itungilate of, ii. 462 
vinate of, ii. 4fi6 
urate of, ii. 470 
Sodium, i. 412, 414, 415 

ammonia-sulpho-arseniate o^i. 919 
bichloro-hydrargyrate of, ii, 827 
hichloro-iridiate of, ii. 841 
biOuoride of, ii. 853 
bisulpho-carbonatc of, ii. 006 
bromide ofl ii. 813 
chloride o^ii. 811 
cyanodide of, ii, 868 ^ 

chloro-Ajrate of, ii. 832 
chloro-^lladiate of, ii. 838 
chloro-platinate of, ii. 834 
chloro-rbodiate of, ii. 839 
chloro>8tannate of, ii. 825 
ferro.cyanodide of, ii. 892 
fluoride of, ii. 852 
iodide of, ii. 848 
iodo.hydrargyrate of, Ii. 851 
scsquichloro.iridiate of,|ii. 840 
8ulpho.arseniate of, ii. 913 
sulpho-arsenite of, ii. 922 
sulpho-cyanodide of, ii. 887 
sulpho.hydrate of, ii. 903 L 

sulpho-molybdate of, ii. 930 
Soinnic acid, ii. 84 
Solid oils, ii. 351 
Solution, ii. 261 
Sorbic a ci^, ii. 77 
Stiry, u.0in 

Sound diminished in hydrogen gas, i. 97 
S)>eci6cum purguns, ii. 4U3 
Si)irit of salt, ii. 187 
Splint coal, ii. 374 

Stearic acid, ii. 122 ^ 

Stearin e of, ii. 3.52 - ^ 

Steel, i. 4yr>--bliste|^, 496— tilted, lOdJlcast, 496 
— propqfties ^^497— compositPu of, 499 
Stream tin, i. .570^ 

Strontian, i. 4^11, 432— tinges flame red, i. 433 • 
acetate of, ii. 502 * 

anliydrous nitrate, ii. 497 
arseniate of, ii. 500 
benzoate of, ii. 504 
bimalate of, ii. 50.3 
binoxalatc of, ii. 501 
borate of, ii. 500 
butyrate of, ii. 504 
camphorate of, ii. 60r^ 
caprale of, ii. .505 
caproate, ii;. .505 
carbonate of, ii. 499 
chlorate of, ii. 498 
chromate of, U. 501 
citrate of, ii. 503 
cholesterate of, ii#d05 
Huo.silioate of, ii. 861 
formate of, ii. 502 
fulminate of, ii. 8!3B 
gallate of, ii. 504^ * 

hydrous nitrate ofl ii. 497 
hyposulphate of, ii. 4^ 
hyposulphite of, ii. 496 
iodate of, ii. 4$^ 
lactate of, ii. .502 
malate of, ii. 503^ 


Strontian, manganate^ll.SOl 
margarate 5Q\ 


nwllate of, ii di 
^[lolybdate of, U, 501 
roucate of, ii. 503 
oleatc of, ii. 504 ^ 
oxalate of, ii, 50^ 
phocenate of, ii. 504 
phosphate of, ii. 499 
phosphite of, ii. 500 
potash.ttrtrate of, ii. 794 
pyromii^t^of, ii. 503 
salts of>ik Ajp 
.selenite of, ii; 500 
silicate of, ii. 500 
sinapate of, ii. 505 
stearate of ii. 504 
sub(Jkte or, ii. 504 
JUcfisatc of, ii, 503 
suljliatc of, ii. 495 
sulphite of, ii. 4^ 
sulpho-naphthalateof, ii. 505 
tartrate of, ii. 502 
vinate of, ii. 503 • 
f urate of, y. 5(J^ 

Strontium, i. 430, 43l2^p^oxide of, i: 437 
lnsulpho.d%boiiate of, ii. 906 
^(Cinloride of, i. 433 • 

chloro-aurate fli; ii. 837 
chloro-hydrargyrate of, ii. 82$ 
chloro-platinate of, ii. 8:15 
ferro-cyanodide of, ii. 893 
fluoride of, ii. 854 
iodide of, ii. ^9 ^ 

I iSulpho.arseiftate, ii. 915 

sulpho.cyanodide of, ii. 887 
sulpho-hydrate of, ii. 904 
* sulpho-molybdate of, ii. 931 
Subchloride of copper, i. 593. 

Suberic acid, ii. 117 
Sublimatum dulce, i. 618 
Suboxide of copper, i. 589 

mercury, i. 613 ' 
potassium, i. 3^ 
silver, i. 630 
' Subsoaps, iL 340 
Subsulphurous acid, i. 266, ii. 39 
Succinic acid, ii. 89 

i^gar, bow formed by sulphuric acid, ii. 35 


of slue, U. 162 
* lea/SL U. 640 


* lead, U. 640 
linen, ii. 180 
milk, acid of, ii. 85 
Saturn, ii. 640 
Sulphides of arsenic, i. 313 

antimony, i. 325 
• molybdenum, i. 359 

* Sulpho-antimoniates, ii. 943 
Sulpho-arseniates, ii. 910 
Sul^o-arscnites, ii. 920 
^Ipho-cyanic ether, ii. 316 
Siflpho-cyanodides, ii. 886 
Sulpho-cyanogen, ii. 244 
Sailpho-hydrates, ii. .901 
Sulpho-molybdates, ii. 928‘ 

Sulpho-naphthalic acid, ii.'l*# 

Sulpho-vinic acid, ii, 170 
Sulpho-tungstates, ii. 936 
Sulpbo.teUurate\ ii. 941 
Sulphier* i. 259— chloride of, 270 

why it decomposes metallic oxi<i^, i. 44 
acid 6atts,ii.9U0-nomenclatureof,U.90l 
' acids, ii. 255— table of, ii, 256% 
auratum, i. 327. 
chloro-phosphuret of, i. 285 
hydro-phosphuret of, i. 285 
phosphuret of, 283 
Sulphuret of aluminum, t 456. 

barium* i. 4^9 
bismuth, i. 
boron, i. 282':)C^ 
cadmium, 
caibium, 
cerium, i. 4^ 
chromium, i. 341 ' 
glucinum, i. 460 
field, i 646 
iBdium, i. 692 
nSIgncsium, i. 449 
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Sulphurct of uumganeie^ i. 524 
pa11adliun» 1. ms 
«eleniuin» L 295 
silicon, i. 282 
silver, i. 634 
stront^m, i. 434 
thoriuin, i, 479 
uranium, i. 348 
trttrlum, i. 463 
sine, i. 549 
zirconium, i. 4*'% 

Sulphurets of arsenic, i. ''12^ * 

• cobalt, i. r, 1 ^ 

columbium, i. 376 
copper, 1 . 595 
iron, i. 503, 504 
lead, 1 . 565 
mercury, i. o21 
nickel, i. 534 * 

osmium, i. 698 
platinum, i. 666 
potassium, i. 405, 406 
tm, i.^578 
titanium, i. 386 
. tung8te% i. :108 

Sulphlurettea chyaztc acid^ ii. 241 

hydrogen,^ 273 - 

Sulphuric^ci^> i. 26^ ii. 29^anhy<»ecis, 
how fomiccl, li. % 

compound salts of, ii. 750 
ether, li. 298 

Sulphurous acid, i. 262, 11. 37 
Su^roleOant gas, i. 197 
Superoxid^of slTver, i.^1 
Supporters, simple, i. 52 
Sylvan ite, 1. 296 
Sylvius, digestive salt of, 11. 810 
fcbrillige salt-of, ii. 810 


Tantalum, i. 370 
Tartar, iL 64, 432 

emetic, iL 796 
Tartaric acid, li. 64 

ether, ii. 331 
Tartarine, i. 3ill 
Tectum argenti, L 604 
Tclluretted hydrogen, i. 298 
f Telluric acid, ii. 44 
Tellur let of aluminum, i. 457 
gluciiium, i. 460 
Tellurium, L 295 

erseuiate of, ii. 723 
benzoate of, ii. 723 
bichromate of, ii. 723 
chloride of, ii; 823 
..chromate of, ii. 723 
iodide of, i. 298 
molybdate of, ii. 723 
nitrate of, ii. 723 
oxide of, i. 297 

salts of, iL 722 
fihosphate of, ii. 723 
sulpliMe of, ii. 722 
sulph^ of, ii. 722 
tungstate of, Ui 723 
'I'empering steel, L 491 

Tcroxide of manganese, why decomposed by 8Ul» 
phuric acid, i. 41, but not by nitric, k 42 
Tersulphuret of molybdenum, i. 369 
potassium* L 408, 410 
Terra pf-nderosa* L 422 
Tetarto-carbo-hydrogen, L 200, ii. 302, 
Tetra-sulpburet of iron, L 506, 

Thorina,!. 475 

salts of, iL 56^ 

Thorite, i. 475 
Thorium, L 475 . 

hromltte^ tjL 844 

fluoride 

;i'iii. i. 569 

^ acetate ofl iL 656 

appMnii^ntirtfted p5foitide of, iL 774 
^rseniate of, ii. 655 
benzoate, ii. 657 
bichlpro.stannate of, ii. 9i?4^ 
bisul^ltcarbonatc, fi. 008^ 


Tin, borate of, ii. 655 
bromide of, ii. 845 
campborate of, it. &57 
carbonate of, ii. 65« 
chromate of, iL 655 
croconatc of, ii. 6.56 
cyanodidc of, ii. 870 
ferro-cynodide of, ii. 897 
fluo.6ilicatc of, ii. 863 
fluoride of, ii. 8.5f> 
formate of, ii. 656 
hyposulphite of, ii. 653 
lactate of, li 656 
malattt of, iL 657 
nitrate of, ii. 6^ 
oxahute of, ii. 

^ percnloride of, li. 821 

peroxide of, sralts of, ii. 657 
_ acetated, ii. 658 

antimoniated, li. 658 
chromated, ii. (>^gL 
iodated, ii. 658 
molybdated, ii. 658 
nitrated, ii. 6.58 
pinated, ii. 659 
selenited, li 658 
succinatcd, ii. 659 
• pinate of, ii. 657 
phosphate of, ii. 654 
phosphite of, ii. 655 
potash>tortrate of, ii. '^5 
protochloride of, ii. 653“ 
suberate ii. 657 
succinate of, ii. 657 I 

sulphate of, li. 6.53 4 

sulphite of, ii. 653 
sulf-ho-arscnlate of, ii. 918 
L.ulpho-arscnite of, li. 925 
sulpho-cyanodide of, ii. 888 
s> ’j^i'o-molybdate of, ii. 933 
tait^ate of, ii. 656 
vinate of, li. 657 
Titanic acid, i. 380 

acetate of, ii. 1 49 
arseniate of, ii. 748 
cnnea.sulphatc of, ii. 748 
i nitrate of, ii. 748 

phosphate of, ii. 748 
potash. carbonated, li. 780 
salts of, 11 . 747 
soda-carbonate of, it. 780 
sujicrsulphate of, ii. 747 
tartrate of, ii. 749 
Titaniet of iron, i. 510 
Titanium, i 377 

chloride of, i. 385 
ferro-cyaiiodide of, li. 899 
i Trito-carbo-hydrogen, i. 15K>, ii. 301 
Tungstep, i. ;«>! * 

chloride of, iL 
Tungstet ofC*on, i 509 
Tungstic acid, i. ;U56 
c nitrate of, ii. 746 

« salts of, li. 746 

6uli>hate of, ii. 748 
Turner’s yellow, i. 564 
Turpentine, oil of, ii. 3>44 
Turpeth mineral, li. 695 
Tf -enag, L 599 


Vanadium, L 701 
Varec, L 413 
Va-rvicite, i. 521 
. Vegetable alkaU, i. 391 
Vegbto-sulphuric acid, ii. 179 
Verdigris, IL 671, 673 

green, 11^673 
VcfrmiHdn, i. 622 
Vinegar, ii. 4<8 

distilled, IL 50 
• radical, ti^, 50 

Vinic acid, iL 68 
Vitriflable stones, L 221 
Vitriol, blue, ii. 666 
white, iL 610 

Vitriolatcd ammonia, ii. 379 
tartar, ii. 403 








